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RESEARCH  SUMMARY 

Analysis  of  a  national  sample  on  outdoor  recreation  par- 
ticipation indicates  little  evidence  that  Blacks'  generally 
lower  rates  of  participation  (in  comparison  to  Whites')  in 
wildland-related  activities  stem  from  either  inhibitory  fac- 
tors or  statistical  artifacts  of  population  composition. 
Blacks'  perceived  constraints  on  outdoor  recreation  parti- 
cipation differed  from  Whites'  only  in  greater  transportation 
difficulty;  desired  activities  for  outdoor  recreation  tended 
to  accentuate  Black-White  differences  rather  than  reduce  them. 
Instead,  the  perspective  is  presented  that  Black  leisure  pat- 
terns result  from  a  distinct  cultural  value  and  normative 
system  contrasted  to  White  "mass  society,"  suggesting  that 
leisure  may  in  fact  function  as  a  mechanism  to  help  maintain 
contrasting  ethnic  minority  subcultural  systems  in  coexistence 
with  a  dominant  culture. 
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INTRODUCTION 

• 
Recreation  research  literature  has  demonstrated  that  iiiini>rit\'  pojiu  lat  i  ons ,  (.■spe- 
cially Blacks,  participate  less  frequently  ttian  ttie  White  iiiajorit)'  population  in  nian>' 
outdoor  recreation  activities  in  lioth  urban  and  wildland  settlings  (ORRRC;  I'JdJ;  \'ieves 
and  Burdge  1971).   Observations  of  outdoor  recreation  managers  in  most  uildiand  settings 
support  such  findings.   t-xjilanat ions  for  these  ethnic  variations  in  utilizing  outdoor 
recreation  opportunities,  however,  are  less  clear;  interpretat i  t)ns  of  such  observations 
commonly  make  use  of  one  of  three  competing  explanations. 

The  "demographic  explanation"  suggests  that  participation  differences  In-tween  pop- 
ulations are  simpl>'  the  result  of  statistical  differences  in  ]iopulation  composition  for 
cluiracter ist ics  related  to  participation  in  certain  recreational  activities.   lor  in- 
stance, if  age  affects  propensity  to  engage  in  an  activity,  populations  with  vai-ying 
age  structures  would  manifest  different  overall  participation  rates  for  that  activitx', 
though  all  otlier  factors  might  be  identical. 

The  "marginality  explanation"  interprets  the  underut il izat ion  of  both  city  and 
wildland  recreation  resources  by  Blacks  as  less  a  reflection  of  choice  than  as  a  con- 
sequence of  the  cumulative  effects  of  social,  economic,  and  education  discrimination 
and  segregation  practices.   Underlying  this  perspective  is  the  assumption  that  all 
recreational  resources  are  equally  attractive  for  both  ethnic  populations.   Conse- 
quently, if  both  population  groups  had  the  same  opportunity,  their  participation  rates 
would  be  iiearly  identical.   From  the  marginalit)'  perspective,  Blacks  are  described 
typically  as  having  less  leisure  time,  less  exposure  to  the  amenities  of  the  out  of 
doors,  less  adequate  means  of  transportation,  and  less  money  available  to  purchase 
recreation  equipment. 

By  contrast,  the  "ethnicity  perspective"  assumes  the  existence  of  minority  sub- 
cultures with  unique  value  and  normative  systems  that  are  distinct  from  those  of  the 
American  mass-culture.   If  leisure  patterns  are  viewed  as  integral  elements  of  subcul- 
tural  systems,  then  the  observed  minority  leisure  pattern  of  underut i lization  becomes, 
from  this  perspective,  an  expression  of  conformity  to  these  subcultural  norms  and 
values. 

While  the  etlinicity  perspective  has  not  been  establislied  empirical  1\',  some  efforts 
have  been  made  to  substantiate  the  validity  of  the  marginality  perspective.   By  and 
large,  the  results  of  these  efforts  are  inconclusive  due  essentially  to  methodological 
problems  (Mueller  and  Gurin  19b2;  Nieves  and  Burdge  1971;  Cheek,  Field,  and  Burdge 
1976).   Another  problem  is  the  inability  to  generalize  from  most  recreation  studies 
reporting  participation  rates.   For  example,  many  of  these  studies  have  been  conducted 
at  specific  recreation  sites  or  at  the  state  and  regional  levels.   Few  national  studies 
reporting  outdoor  recreation  participation  rates  have  been  done  against  which  the 
results  of  these  more  geographically  circumscribed  studies  can  be  compared. 

In  1977,  the  U.S.  Department  of  the  Interior,  Heritage  Conservation  ;ind  Recreation 
Service  (HCRS) ,  sponsored  a  national  outdoor  recreation  survey  that  included  "ethnic 
background"  as  a  demographic  variable.   The  data  from  this  survey  present  a  rare  oppor- 
tunity to  examine  ethnic  differences  in  participation  rates  on  a  national  scale;  more- 
over, local,  state,  and  regional  patterns  can  now  be  compared  with  the  national  jiatterns 
derived  from  those  recent  data. 

The  purpose  of  this  paper  is  to  clarify  theoretically  the  nature  of  ethnic  differ- 
ences in  participation  rates  using  the  HCRS  national  sample.   To  assess  the  applicabil- 
ity of  the  marginality,  demographic,  and  ethnicity  perspectives,  the  former  two  are 
tested  together  empirically  and  the  latter  explored  through  substantiating  sociological 
and  anthropological  theory. 


Since  participation  differences  could  result  from  disadvantages  due  to  income  or 
educational  differences  between  Blacks  and  Whites  (the  "marginali.ty  explanation"),  or 
from  differences  in  population  structure  or  location  affecting  participation  (the 
"demographic  explanation"),  these  causal  explanations  are  examined  by  holding  these 
independent  variables  constant;  if  participation  rates  of  the  two  groups  become  nonsig- 
nificantly  different  when  these  are  controlled,  the  marginality  and  demographic  positions 
could  be  sustained.   If  significant  participation  differences  remain,  then  other  factors 
are  presumed  at  work.   The  ethnicity  perspective  is  presented  as  a  promising  candidate. 

THE  HCRS  NATIONAL  SURVEY 

The  HCRS  conducted  its  survey  of  the  continental  United  States  population  to 
assess  recreation  demands  and  needs  as  part  of  its  Nationwide  Outdoor  Recreation  Plan. 
The  sample  design  and  data  collection  were  performed  by  Opinion  Research  Corporation. 
A  stratified  probability  sample  of  4,029  households  was  drawn;  age  and  sex  quotas  were 
then  used  to  select  respondents  within  households  for  telephone  interviews  conducted  in 
June  and  July  of  1977.   Since  the  ethnic  background  of  respondents  was  not  revealed  un- 
til the  end  of  the  interview,  no  measure  was  taken  to  reduce  cross-cultural  interviewer 
bias.   A  profile  on  the  Black  and  White  respondents  is  presented  in  table  1. 

Table  1 .  --Prof He  of  respondents — 1977   National   Outdoor  Recreation   survey 

White  sample     Black  sample 

Total  respondents^  3,583  315 

(N=3,898) 


Males  (percent) 

49 

42 

Females  (percent) 

51 

58 

Family  income  (grouped 

mean) 

$17,300 

$12,300 

Mean  age  (years) 

39 

34 

Mean  education  (years) 

12.6 

11.2 

Residence  (percentage  of 

group) 

Urban 

31 

50 

Suburban 

40 

25 

Rural 

29 

25 

100 

100 

Northeast 

26 

20 

South 

23 

49 

Central 

23 

18 

West 

28 

13 

100 

100 

^One  hundred  thirty-one  respondents  of  assorted  other  ethnic  groups 
were  omitted  from  the  analysis,  including  Mexican-Americans,  Puerto  Ricans, 
Native  Americans,  and  Canadians. 


RESULTS 


Participation  rates  for  both  Black  and  White  groups  in  selected  outdoor  recreation 
activities  are  presented  in  table  2.   The  Black  group  does  not  differ  significantly 
from  the  White  group  in  those  activities  typically  done  in  urban  recreation  se'tin(',s, 
including  tennis,  picnicking,  sunbathing,  and  swimming  in  outdoor  ])ools.   l^irt  i  c  i  pat  i  on 
rates  for  the  Black  group,  however,  are  significantly  lower  than  those  of  the  White 
group  in  activities  typically  associated  with  wildland  sett ings-'Camjiing  (both  devel- 
oped and  primitive],  water  and  snow  skiing,  boating,  hiking  or  backpacking,  liunting, 
and  sightseeing  (at  historical  sites  or  natural  wonders).   More  importantly,  table  2 
also  shows  that  when  both  groups  were  asked  to  identify  outdoor  recreation  activities 
in  which  they  do  not  now  participate  but  would  desire  to,  the  Black  group  was  no  more 
likely  than  the  White  to  want  to  participate  in  wildland  recreation  activities.   In 
fact,  both  groups  tend  to  desire  outdoor  recreation  activities  that  are  similar  to  ones 
they  arc  relatively  active  in  already. 

There  are  some  notable  exceptions  to  this  pattern  for  the  Black  group.   I'ishlng, 
nature  walks,  horseback  riding,  and  driving  vehicles  and  motorcycles  in  off-road  areas 
are  all  activities  in  which  participation  rates  of  both  groups  are  almost  equal. 

To  determine  whether  inhibitory  "marginality"  factors  (such  as  lack  of  Income  or 
educational  deficits)  or  demographic  differences  In  population  composition  (such  as  age, 
sex,  or  residence)  account  for  these  different  rates,  a  subsample  of  170  Black  and 
White  respondents  was  drawn  and  perfectly  matched  Blacks  and  Whites  on  sex,  age,  Income, 
education,  and  place  of  residence  (region  and  urban,  suburban  or  rural  community). 
Participation  rates  for  selected  outdoor  recreation  activities  were  then  compared.   The 
results  indicate  that  most  differences  in  participation  rates  remain  or  decrease  only 
slightly  (table  3).   In  some  cases,  variations  In  rates  could  reflect  chance  sampling 
errors,  as  perhaps  for  "driving  for  pleasure." 


Table  2 . --Participation  and  desired  participation  by  Blacks  and   Whites  in   selected  out- 
door recreation  activities 


Activity 


Percentage  of  group 
participating 


Percentage  of  group 
desiring  to  participate 


Camping  in  a  developed  area 

Camping  in  a  primitive  area 

Water  skiing 

Fishing 

Boating  (other  than  canoeing 
or  river  running) 

Outdoor  pool  swimming 
or  sunbathing 

Walking  to  observe  nature,  bird 
watching,  wildlife  or  bird  photography 

Hiking  or  backpacking 

Horseback  riding 

Driving  vehicles  or  motorcycles 
off  road 

Hunt  ing 

Picnicking 

Tennis 

Downhill  skiing 

Other  outdoor  sports  or  games 

Sightseeing  at  historical  sites  or 
natural  wonders 

Driving  for  pleasure 

Attending  outdoor  sporting  events 


White 


37 
26 
20 
56 

39 

66 


Black 


19 


49 


White 


114 

3 

1    9 

3 

1    3 

5 

49 

2 

53 

48 

1 

35 

l20 

2 

16 

16 

4 

26 

25 

1 

21 

1   9 

1 

75 

73 

0 

35 

35 

5 

11 

1    1 

7 

56 

62 

1 

68 

Ms 

1 

71 

66 

0 

64 

65 

0 

3,583 

N=315 

Black 


1 

2 
6 

3 
1 
0 
10 
4 
1 

1 
1 
0 


■^Differences  in  proportions  of  each  group  participating  significant  at  0.01  level 
using  Chi-square  with  1  degree  of  freedom. 


Table    3 . --Participation    in   selected  activities   before   and   after  matchinq   Blacks   and 
Whites   on   socioeconomic  characteristics   and  area    of   residence 

Percentage   of   each    i;roiip   pai't  Ic  ijiat  i  iii'. 


Ac  t  i  V  i  t  V 


Be  f  0  re 

matching 

After  matching' 

White 

Black 

Wli  i  t  e 

Black 

(N-5,SS3) 

(N=315J 

[N=170) 

(N-17() 

37 

2l4 

35 

2  15 

26 

2  9 

26 

2ll 

56 

49 

57 

55 

39 

219 

37 

221 

35 

2  20 

31 

21 

26 

25 

27 

28 

75 

73 

78 

77 

68 

248 

71 

252 

71 

66 

75 

77 

Developed  camping 

Primitive  camping 

Fishing 

Other  boating 

Hiking,  backpacking 

Off -road  veliicles 

Picnicking 

Sightseeing 

Driving  for  pleasure 


■^Blacks  and  Wiiites  were  matched  by  region  and  rural-urban  residence,  groujied  in- 
come, grouped  age,  grouped  education,  and  sex. 

2signif leant  at  0.01  level  by  Chi-square,  1  degree  of  freedom. 


Analysis  of  the  factors  that  both  groups  perceive  as  inhibiting  their  participa- 
tion in  wildland  outdoor  recreation  in  general  further  clarifies  the  issue  (talile  4). 
Interestingly,  factors  the  Black  group  perceives  as  frustrations  and  on  which  tlic}*  dif- 
fer significantly  from  the  White  group  are  those  reflecting  problems  usually  associated 
with  the  management  of  local  or  neighborhood  parks  in  depressed  urban  areas,  as,  for 
example,  poor  maintenance  and  personal  safety.   The  Black  group,  however,  is  no  more 
hampered  by  cost  factors  than  the  White  group.   "Lack  of  transportation"  is  tlie  only 
reported  barrier  for  the  Black  group  that  is  consistent  with  the  marginal ity  perspec- 
tive.  It  does  seem  clear  that  transportation  to  wildland  recreation  settings  is  a  con- 
straint for  Blacks,  though  the  data  did  not  allow  a  direct  measurement  of  the  extent 
that  this  barrier  accounts  for  lower  participation  by  Blacks  in  specific  activities. 


Table  4. --Factors  preventing  use  of  outdoor  recreation   areas   by   race 


Factors  preventing  use 
of  outdoor  recreation  areas 


Percentage  of  each  group  mentioning 

White  (N-3,583)      Black  (N=515) 


Areas  poorly  maintained-^ 

Areas  too  crowded 

Areas  had  jiroblems  of  pollution 

Areas  had  personal  safety  problems^ 

Lack  of  money 

Lack  of  time^ 

Lack  of  interest 

Lack  of  transportation^ 

Lack  of  information  on 
outdoor  recreation  areas 

Personal  health  reasons 

Interesting  areas  not  convenient 

Do  most  of  my  outdoor 
recreation  at  residence 


18.4 
44.1 
25.3 
16.8 
35.2 
54.5 
20.7 
16.7 

31.0 
19.4 

27.7 

28.5 


28.9 
44.8 
29.5 
26.3 

37.5 
44.8 
24.4 
29.2 

36.2 
18.7 
30.2 

30.5 


^Proportions  of  each  group  mentioning  this  factor  significantly  different  at  0.01 
level  using  Chi-square,  1  degree  of  freedom. 


To  explore  the  influence  of  transportation  on  lower  participation  rates  for  Blacks 
in  wildland  settings,  the  responses  of  Blacks  and  Whites  to  the  question  of  the  impor- 
tance of  distance  to  recreation  sites  were  analyzed.   Table  5  presents  distances  traveledj 
to  recreation  sites  and  the  importance  attached  to  various  distance  zones  in  pursuing 
outdoor  activities.   In  general,  Blacks  made  significantly  fewer  trips  to  each  of  the 
three  distance  zones  than  the  Whites  and  tended  to  concentrate  on  the  zone  within  a  15- 
minute  walk  from  home.   By  contrast,  sites  within  a  1-hour  drive  from  home  were  most 
popular  for  Whites.   Both  groups  made  fewer  trips  to  the  most  remote  zone  from  home. 


Table  5 . --Importance  of  an   average  number   of   trips   per    year   for   recreation    to    three 

distance   zones    for  Blacks   and   Whites 


Distance  zones 


Mean  (grouped 
annual  trips ^ 


Whites 


Hacks 


Percentage  indlcat  ing 
distance  zone  ;is 
"very  important" 
for  recreation"-' 


Whites 


Blacks 


Within  15-minute  walk 

Within  1-hour  drive 

More  than  1-hour  drive  away 


7.5 

37.0 

7.8 

3(3.5 

5.9 

35.2 

49 

54 
39 


371 

54 

334 


Cleans  based  on  midpoints  for  the  categories:  "Never"  (0),  "1  to  2  trips"  (1.5), 
"3  to  10  trips"  (6.5),  "more  than  10  trips"  (assumed  as  11). 

^Responses  for  each  group  sum  to  more  than  100  percent  because  individuals  respom. 
ed  independently  to  each  distance  category. 

3Black-White  differences  significant  at  0.01  level  using  Chi-square  with  1  degree 
of  freedom. 


When  the  mean  number  of  annual  trips  made  to  each  zone  is  compared  to  the  impor- 
tance  each  group  attaches  to  distance,  a  discrepancy  emerges  within  the  Black  group. 
Blacks  report  the  local  zone  as  most  important  for  outdoor  recreation  purposes,  but 
this  emphasis  is  not  borne  out  when  the  actual  number  of  tri))S  made  to  each  distance 
zone  is  considered  (table  5).   Although  Blacks  overwhelmingly  value  the  local  zone, 
they  nevertheless  travel  outside  it  with  some  regularit}'.   This  discrepancy'  between 
stated  local  emphasis  and  actual  travel  to  more  distant  places  may  be  a  reflection  of 
the  difference  between  what  respondents  do  and  what  they  report  they  want. 

What  about  travel  for  specific  activities?   Do  Blacks  tend  to  travel  outside  the 
local  zone  more  often  for  certain  activities?  How  do  these  patterns  compare  to  Whites 
engaging  in  these  activities?  Table  6  examines  Black  participation  rates  for  selected 
activities  by  comparing  them  to  Whites'  participation  as  a  percentage.   This  relation- 
ship to  Whites  shows  that  Black  participation  is  lower  in  almost  all  instances  for  all 
three  distance  zones,  and  tends  to  decline  with  greater  distance  in  comparison  to  White 
participation  in  these  distance  zones.   There  is,  however,  some  variability  between 
activities;  fishing,  for  instance,  retains  a  very  similar  ratio  at  all  zones.   In  sum, 
It  appears  that,  though  Blacks  do  tend  to  travel  somewhat  less,  they  are  still  willing 
or  able  to  do  so,  especially  for  certain  activities.   Unfortunately,  the  data  do  not 
permit  a  deeper  analysis.   The  key  question  that  remains  unsatisfactorily  answered  con- 
cerns the  relative  importance  of  location   of  participation  opjiortunit ies  versus  the 
activity  itself   in  determining  Black  leisure  style. 


Table  6. --Comparison  of  Black  and  White  participation   in  selected  activities   at   differ- 
ent  distance   zones 


Activity 


Blacks'  rates  of  participation 
expressed  as  a  percentage  of  Whites' 
rates  of  participation  of  various 
distances  from  home 


Over- 

15-minute 

alll 

walk 

Camping  in  a  developed  area 

38 

40 

Fishing 

88 

75 

Hiking  or  backpacking 

57 

45 

Driving  ORV  s 

96 

108 

Picnicking 

97 

97 

Sightseeing 

71 

87 

Driving  for  pleasure 

93 

105 

Less  than   Greater  than 
1-hour  drive   1-hour  drive 


75 
53 
94 
86 
70 
85 


32 
77 
47 
68 
78 
59 
72 


^Overall  rates  may  vary  from  rates  at  various  distances  since  individuals  responded 
independently  for  each  distance  zone  and  overall;  the  former,  therefore,  are  not 
necessarily  additive. 


Additional  evidence  of  the  preference  of  the  Black  group  for  urban,  developed  fa- 
cilities can  be  seen  in  the  analysis  of  responses  on  priorities  for  Federal  spending  on 
recreation.   Both  groups  prefer  small,  nearby  parks.   But,  when  compared  to  the  White 
group,  the  Black  group  tends  more  toward  urban  parks  (as  opposed  to  rural  ones),  toward 
more  facilities  instead  of  more  land,  toward  indoor  instead  of  outdoor  facilities,  and 
toward  inland  rather  than  waterfront  sites  (table  7) . 


Table  17 . --Blacks'    and   Whites'    preferences    for   selected  priority   choices    for   Foderal 

spending  on   outdoor   recreation 


Priority  choice  for  Federal 
spending  on  outdoor 
recreat  ion 


Percentage  of  each  group 
indicating  their  priority 
for  spending 


White 


Black 


1.   For  small,  nearby  parks 

For  a  limited  nuinlier  of  large 
parks  across  the  country 

Both 


73 

23 
4 


77 

19 

4 


^2.  In  urban  areas 
In  rural  areas 
Both 


45 
44 
11 


56 

32 
12 


3.   For  better  maintenance  of 
existing  parks 

Developing  new  parks 

Both 


50 

41 

9 


49 

42 

9 


^4,   For  more  facilities 
For  more  lands 
Both 


51 

43 

6 


63 
30 

7 


^5.   For  waterfront  property 
For  inland  property 
Both 


42 
46 
12 


28 
64 


^6.   I'or  indoor  recreational  facilities 
For  outdoor  recreational  facilities 
Both 


14 

75 
11 


21 
61 
18 


^Groups  differ  significantly  on  this  priority  question  at  the  0.01  level  by  Chi- 
square,  2  degrees  of  freedom. 


DISCUSSION  AND  CONCLUSIONS 

The  results  of  the  analysis  of  the  national  data  lend  little  support  for  the  mar- 
ginality  or  demographic  explanations,  which  posit  that  (1)  Blacks  desire  to  participate 
in  wildland  outdoor  recreation  activities  but  do  not  because  of  their  marginal  socio- 
economic status,  or  that  (2)  population  composition  differences  cause  variations  in 
participation.   External  constraints  (transportation,  income  or  educational  deficits) 
seem  to  be  only  part  of  the  cause  of  the  described  pattern  exhibited  by  the  Black 
group. 

Similar  conclusions  have  been  reported  elsewhere  by  Washburne  (1978).   That  analy- 
sis of  Black  and  White  residents  in  eight  urban  areas  in  California  indicates  only  lim- 
ited effect  of  socioeconomic  factors  on  leisure  differences  between  the  groups.   The 
Black  group  tended  to  participate  less  frequently  than  the  White  in  most  wildland 
activities.   They  were  as  or  more  active  than  the  White  in  sport  activities,  small 
group  activity  in  local  parks,  and  as  spectators  at  outdoor  events.   In  this  same 
analysis,  when  the  Black  and  White  groups  were  matched  on  age,  sex,  income,  education, 
and  place  of  residence,  the  degree  of  difference  in  participation  rates  for  most  wild- 
land  recreation  activities  remained.   The  analysis  of  the  California  data,  however, 
indicates  some  reservations;  the  age  of  the  data  (collected  in  1969)  and  the  limitation 
of  the  sample  to  depressed  urban  areas  in  California  made  temporal  and  geographical 
generality  an  issue. 

Factors  other  than  socioeconomic  ones  seem  clearly  at  work,  but  were  not  expressed 
in  the  rather  traditional  data  bases  in  the  California  and  national  survey  analysis. 
Such  data,  which  often  focus  on  participation  in  specified  activities,  general  location 
of  activities,  and  constraints  on  participation,  leave  little  room  for  assessing  effects 
of  culture  or  social  structure  on  participation  or  for  tracing  how  individual  participa- 
tion decisions  are  made.   A  new  approach,  expressed  in  the  ethnicity  perspective,  would 
concentrate  on  the  social  milieu  in  which  Black  leisure  activities  occur,  on  how  leisure 
time  as  a  whole  is  spent,  and  on  how  all  potential  influences  (constraints  of  money, 
time,  or  mobility,  as  well  as  norms,  social  pressures,  and  cultural  values)  affect 
leisure  choices.   Models  and  field  techniques  drawn  from  ethnography  and  cultural  an- 
thropology suggest  themselves  as  potentially  productive  approaches. 

A  concept  termed  "boundary  maintenance"  may  be  one  such  avenue.   Anthropologists 
have  given  considerable  attention  to  how  cultural  differences  are  maintained  by  ethnic 
groups  coexisting  in  pluralistic  societies,  in  spite  of  pressures  toward  assimilation. 
This  work  may  prove  a  useful  means  for  looking  at  contrasting  minority  leisure  patterns. 
For  example,  Barth  (1969)  rejects  the  idea  that  ethnic  differences  can  only  be  main- 
tained in  the  absence  of  social  interactions  across  ethnic  boundaries.   He  argues  to 
the  contrary:  it  is  in  the  context  of  the  cross-cultural  interactions  themselves  that 
socially  effective  mechanisms  are  used  that  permit  ethnic  boundaries  to  be  maintained. 
For  ethnic  groups  in  contact  with  each  other,  boundary  maintenance  implies  "not  only 
criteria  and  signals  for  identification  but  also  a  structuring  of  interaction  which 
allows  the  persistence  of  cultural  differences"  (Barth  1969). 
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Ethnic  boundaries,  according  to  Barth,  may  involve  territory  l)ut  are  lar,uel\- 
social;  that  is,  they  are  derived  from  recognized  norms  tliat  serve  to  structure  cross- 
cultural  contacts.   Such  structuring  effects  regulating  social  behavior  within  the 
Black  subculture  have  been  well  documented  in  earlier  studies.   l"or  example,  I'razicr 
(1957)  cites  the  historical  impact  of  enforced  segregation  resulting  in  a  Blaci\  commun- 
ity social  structure  that  serves  to  insulate  its  members  from  tlie  effects  of  discrimin- 
ation.  More  recent  studies  by  McCord  and  others  (li)69)  and  Olseii  (11)70)  descrilK'  forms 
of  communit)'  organization  within  the  Black  subculture  that  serve  the  general  function 
of  discouraging  contact  with  White  society.   In  light  of  these  findings,  it  seems 
reasonable  to  think  that  structuring  of  leisure  activities  ma>'  indeed  serve  a  similar 
purpose. 

Some  empirical  evidence  supports  this  notion.   Lee  (19731  reports  a  kind  of  terri- 
torial definition  by  Blacks  (and  other  groups)  of  portions  of  public  beaches  in  Califor- 
nia.  He  observed  that  Blacks  preferred  specific  reservoirs  for  fishing  activity  and 
"staked  out"  unambiguous  Black  enclaves  on  the  beaches.   Suttles  (1969)  contrasts  min- 
ority cross-cultural  contacts  in  school,  employment,  or  economic  settings  with  those  in 
more  informal  social  settings.   From  the  minority's  perspective,  social  interaction  in 
the  formal  settings  tends  to  conform  to  norm  and  value  systems  of  the  dominant  culture. 
By  contrast,  interaction  in  informal  social  settings  is  more  reflective  of  the  subcul- 
ture' s  norms  and  values.   Tlie  informal  settings  are  where  most  nonwork  time  is  spent 
and  are  typically  located  in  the  ethnic  community.   If  the  idea  of  ethnic  boundary 
maintenance,  both  social  and  territorial,  is  extended  to  the  nonwork  world,  leisure  may 
play  an  especially  important  role  in  maintaining  ethnic  identity  by  perpetuating  cultur- 
al differences  in  leisure  choices. 

In  this  light,  leisure  choices  may  be  governed  by  at  least  two  cultural  factors. 
First,  outdoor  recreation  choices  may  be  made  to  conform  to  activities  traditionally 
valued  by  the  group,  as  fishing  seems  to  be  for  Blacks,  and  to  avoid  activities  tliat 
may  be  interpreted  by  members  as  inconsistent  with  ethnic  norms,  values,  or  tradition. 
Some  wildland  recreation  activities,  for  example,  may  retain  "White"  identities  and 
hence  appear  "across  the  boundary"  to  Blacks,  discouraging  iiart icipation . ^   Second, 
both  the  activity  and  the  site  where  it  takes  place  may  serve  to  set  off  and  contrast 
the  ethnic  group  from  other  groups.   When  etlmic  group  members  congregate  at  recreation 
locations  for  characteristically  popular  activities  (such  as  Blacks'  lake  fishing), 
activities  thus  provide  opportunities  permitting  the  ethnic  community  to  be  extended 
beyond  residential  boundaries,  if  any  exist.   In  cases  where  no  spatial 1\'  defined 
ethnic  residential  community  exists,  leisure  sites  and  activities  may  play  an  even  more 
significant  role  in  maintaining  and  enhancing  identity  by  providing  a  locus  for  periodic 
congregation. 

The  heart  of  the  issue  of  ethnic  identity  is  the  nature  of  American  minority  "cul- 
tures" and  their  future  as  entities  distinct  from  "mass  culture."  The  "culture  of  pov- 
erty" perspective  of  minority  social  systems  (viewed  simply  as  liardship-adapt  i  ve  strat- 
egies rather  than  true  cultures)  advanced  by  Lewis  (1966)  is  now  generally  discredited 
in  the  social  science  community;  the  resurgence  of  interest  in  ethnic  cultural  roots 
among  Blacks,  Chicanos,  and  other  groups  supports  the  existence  of  true  subcultures. 
Simultaneously,  the  "melting  pot"  perspective  of  assimilative  American  mass-soc i et >•  has 
\   largely  given  way  to  a  pluralistic  view.   The  ultimate  assimilation  of  Blacks  and 
t'  others  into  the  value  and  nomiative  systems  of  a  mass-culture  is  no  longer  taken  for 
granted. 


^A  review  of  historical  and  psychological  perspectives  on  Blacks'  relationsliip  to 
wildlands  is  presented  by  Washburne  (1978). 
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For  leisure,  the  pluralistic  perspective  of  society  has  far-reaching  policy  con- 
sequences.  First,  equalizing  intergroup  recreation  participation  (beyond  reducing  ob- 
vious inhibitive  factors)  is  no  longer  a  necessarily  appropriate  policy  goal.   If 
everyone's  values  are  no  longer  presumed  to  fit  within  the  same  normative  distribution, 
and  leisure  choices  assumed  as  a  product  of  such  values,  then  rates  of  participation  in 
activities  cannot  be  expected  to  equalize  once  opportunities  to  participate  are  evenly 
available.   Hence,  all  members  of  society  are  no  longer  potentially  likely  users  of 
public  recreation  resources  (especially  nonurban  wildlands),  and  public  support  of  such 
resources  may  constitute  subsidy  of  particular  groups  at  the  exclusion  of  others.   If 
policy  goals  are  to  enhance  leisure  that  contributes  most  to  interpersonal  and  community 
solidarity,  then  they  may  include  accepting  diverging  leisure  styles  for  minorities  in 
respect  to  Whites,  if  leisure  indeed  plays  a  role  in  cultural  identity  as  has  been 
suggested.   For  Blacks  this  may  mean  support  for  activities  in  which  they  differ  most 
from  Whites,  rather  than  concentrating  on  bringing  Black  rates  up  to  White  levels, 
especially  in  wildland  recreation.   Similarly,  campaigns  to  redress  imbalances  in  White 
and  Black  use  of  national  and  state  park  and  forest  resources  would  be  dubiously  appro- 
priate or  effective  under  pluralistic  assumptions,  especially  if  inhibitory  causal 
factors  were  found  no  longer  operative.   Different  ethnic  and  cultural  groups  would  be 
the  best  judges  of  their  own  recreational  preferences. 

If  leisure  policies  are  to  facilitate  the  well-being  of  all  individuals,  they  must 
be  based  on  knowledge  of  how  leisure  functions  in  different  elements  of  society.  Deci- 
sionmakers are  now  turning  away  from  broad  prescriptions  for  outdoor  recreation  deemed 
"good  for  everyone,"  and  focusing  more  on  specific  needs  of  different  groups.  If  these 
group  needs  are  to  be  served,  policies  must  account  for  both  unique  problems  and  socio- 
cultural  attributes  of  groups  as  they  constrain  and  guide  leisure  choices.  Further 
study  of  the  different  ways  by  which  ethnic  identity  is  maintained  may  facilitate  these 
processes. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  23 1  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation    with   Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 


Growth  of  Pinus   monticola    and  Cronartium  ribicola    in  culture 
was  sensitive  to  pectin  coinpounds  that  may  represent  the  products 
of  enzymatic  actions  on  pine  pectins.   Host's  cells  succumbed  at 
lower  concentrations  of  pectic  compounds  and  were  more  sensitive 
as  the  complexity  of  the  pectin  compounds  decreased  than  were 
the  rust  cells.   The  implications  are  that  pectinase  activities 
are  controlled  through  the  physiological  conditions  of  the  host 
cells  and  that  the  fungus  can  prolong  the  life  of  its  host  cells 
by  utilizing  the  simpler  pectic  compounds  that  are  detrimental 
to  the  host  cells. 
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IN  rRODl'CriON 

After  a  plant  pathogen,  such  as  a  mist,  enters  its  host,  colonization  and  ostablisii- 
ment  are  important  to  the  continuation  of  its  life  cycle.  Cronartium  ribicola ,    the 
blister  rust  fungus,  enters  its  pine  iiost  through  needle  stomata  and  from  tiie  substomatal 
cavity  grows  passively  within  intercellular  spaces  to  colonize  the  host  tissues. 
Intercellular  fluids  may  provide  substances  required  by  this  lieterot roph ,  which  would 
negate  the  necessity  to  enter  the  host  cells.   Instead,  the  fungus  establ  i  siies  itself 
by  adhering  to  the  exterior  surfaces  of  host  cells  and  then  developing  special  iiyphae, 
haustoria,  that  penetrate  the  host  cell  walls.   Successful  haustoi-ia  penetration  occurs 
only  when  the  rust  fungus  produces  enzymes  that  arc  capable  of  hwlrolyzing  the  cellulose, 
pectin,  and  protein  constituents  of  the  host  cell. 

Rust  fungi  are  obligately  parasitic  and  consequently  dependent  on  the  survival 
of  their  hosts,  therefore,  teleologically  they  must  be  weak  pathogens  with  sensitively 
controlled  host  destroying  mechanisms  (Wood  19b7).   It  follows  that  any  enzyme  systems 
used  by  the  pathogen  to  modify  and  to  jienetrate  the  host  cell  walls  must  be  higiily 
discriminatory  and  operative  only  in  a  local  area  (Albersheim  and  Anderson-Prouty 
1975).   Studies  using  the  electron  microscope  have  shown  the  wall  texture  to  lie 
modified  in  the  vicinity  of  coiitact  between  rust  mycelium  and  pine  cell  walls  (Welch 
and  Martin  1975).   Apparently  the  enzymes  neither  attack  constituents  that  would  kill 
the  pine  cell  nor  produce  products  in  quantities  that  exceed  detrimental  threshold 
values  for  either  the  pathogen  or  host. 

Earlier  work  illustrated  the  circumstantial  evidence  foi"  the  involvement  of 
pectinases  in  the  blister  rust  disease  of  western  white  pine  (Nkai'tin  19h7).   Analysis 
of  infected  bark  revealed  a  significant  depression  of  pectic  substances  when  compared 
to  noninfected  bark  of  the  same  tree  (Welch  and  Martin  1974).   The  objective  oi"  tlie 
study  reported  here  is  to  assess  in   vitro   the  tolerance  of  pine  cells  or  rust  m)celium 
to  pectic  compounds  and  the  role  of  these  substances  in  the  hi^st  parasite  relationship. 

MATKRIAI.S    AND    Ml'/FIIODS 

Cultures  of  pine  tissue  were  established  on  an  agar  medium  as  described  by 
Harvey  (1967).   All  explants  used  in  this  study  were  selected  for  uniformitv-  in  size, 
green  color,  and  evidence  of  cell  proliferation.   Seven  three-week-old  cultures  were 
submerged  in  5  ml  each  of  glass-distilled  water  solutions  (O.OOl,  0.()()5,  d.Ol,  ().0J5, 
0.05,  0.1,  0.5  percent  concentrations)  of  citrus  pectin,  sodium  polypectate,  or 
pectic  acid.   The  cultures  were  then  observed  at  weekly  intervals  for  continued 
proliferation,  color  changes,  and  signs  of  organ  primordia. 

Numerous  isolates  from  5b  different  infections  of  c.  ribicola   were  established 
on  agar  media  according  to  the  procedures  used  b>'  liarve)'  and  ("irasham  (1969).   Two 
isolates  (the  fastest  and  slowest  growing)  were  selected  for  study  (fig.  1). 

The  isolates  were  challenged  with  pectic  compounds  representing  different  molecular 
structural  complexity  by  placing  solutions  of  each  compound  in  a  small  well  cut  into 
agar  media  (Dingle  and  others  1955).   Six  wells  were  positioned  in  a  circle  and 
spaced  equidistant  from  the  center  of  a  petri  disli  and  fi-om  each  other.   The  wells 
were  filled  in  the  order  of  decreasing  structural  complexity  with  1  percent  aseptic 
solutions  of  citrus  pectin,  sodium  poly;)ectate ,  polygalacturoii  ic  acid,  pectic  acid, 
and  glass-distilled  water.   Twenty-four  hours  later  a  .?  mm  piece  oi'  agar  cut  from  tlie 
periphery  of  an  isolate  was  transferred  to  the  center  of  each  of   20   dislies.   j^idial 
growth  from  the  center  of  the  inoculum  toward  each  well  was  measured  weekly  foi- 
8  weeks.   All  cultures  were  incubated  at  20°j^2''C  under  5,100  lux  of  fluorescent  light 
in  growth  chambers. 
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RESULTS 

Proliferations  of  parenchymatous  cells  of  the  pine  explants  were  visible  to  the 
unaided  eye  and  easily  seen  through  the  polyethylene  covers  of  the  culture  tubes  or 
through  the  tube  sides. 

Citrus  pectin  caused  the  least  impact  on  growth  of  the  pine  explants,  with  all 
explants  showing  proliferation  in  all  treatments  and  only  one  explant  exposed  to 
0.010  precent  citrus  pectin  showing  no  growth  (table  1).   Late  in  the  test  period, 
30  percent  of  the  explants  in  the  0.1  percent  treatment  became  brown,  all  of  them  in 
the  0.5  percent  treatment  became  brown  (table  2). 

Table  1. --Effects  of  pectic  compounds  on    in  vitro  cell   profusion   of  western   white 

pine   explants 


Concentration  (percent) 


Treatment 0.001     0.005     0.010     0.025     0.050     0.100     0.500 

Citrus  pectin     7/7*      7/7       6/7       7/7       7/7       7/7       7/7 


Sodium 

polypectate 

7/7 

7/7 

7/7 

6/7 

7/7 

6/7 

5/7 

Pectic  acid 

7/7 

7/7 

6/7 

7/7 

5/7 

1/7 

0/7 

HOH 

1/7 

0/7 

0/7 

0/7 

0/7 

0/7 

0/7 

'Number  of  explants  showing  increase  in  cell  numbers/number  of  explants  treated. 


Table  2 . --Effects   of  pectic   compounds   on    in  vitro  color   of  western   white   pine   explants 


Concentration  (percent) 


Treatment 0.001     0.005     0.010 0.025    0.050     0.100     0.500 

Citrus  pectin     7/7*      7/7       6/7        7/7      7/7       3/7       0/7 


Sodium 

polypectate 

7/7 

7/7 

7/7 

6/7 

7/7 

7/7 

3/7 

Pectic  acid 

6/7 

7/7 

5/7 

7/7 

5/7 

0/7 

0/7 

HOIl 

1/7** 

0/7 

0/7 

0/7 

0/7 

0/7 

0/7 

*Number  of  explants  retaining  a  green  color/number  of  explants  treated. 
■*One  callus  of  49  survived,  all  others  browned  in  7-10  days. 


Sodium  polypectate  inhibited  cell  proliferation  in  14  percent  of  the  explants  at 
a  concentration  of  0.1  percent.   Inhibition  was  evident  in  29  percent  of  the  0.5  percent 
group.   Color  changes  in  this  test  group  did  not  occur  until  the  0.5  percent  level 
was  reached  and  then  57  percent  of  the  explants  became  brown. 


Pectic  acid  had  the  most  adverse  effect  on  growth  of  cultured  western  wliile  jiiiie 
cells.   Although  no  changes  were  noted  in  concentrations  of  0.02S  percent  or  less,  29 
percent  of  the  explants  in  the  0.05  percent  treatment  showed  no  proliferation  aiul  40 
percent  of  those  showing  cell  multiplication  had  browned  by  the  end  of  the  test. 
Only  14  percent  of  the  explants  submerged  under  a  0.1  percent  concentration  of  peclic 
acid  had  produced  a  visible  increase  in  numbers  of  cells;  however,  at  the  end  of  the 
test  all  explants  were  brown.   The  0.5  percent  treatment,  in  addition  to  causing 
browning,  inhibited  growth  of  all  explants. 

Within  the  first  to  second  weel<  of  exposure  the  blister  rust  fungus  isolates 
began  to  respond  to  the  pectic  compounds.   Both  isolates  exhibited  suppressed  but 
different  growth  rates,  as  shown  in  fig.  1.   Sodium  polypectate  suppressed  growth  the 
least.   Polygalacturonic  acid,  pectic  acid,  and  citrus  pectin  were  tlie  most  effective 
in  retarding  growth  of  both  isolates  with  polygalacturonic  acid  being  the  most  detri- 
mental to  the  slow  growing  isloate. 


Figure  1. --Growth  responses  of  two 
Cronartium  ribicola   isolates  to 
pectin  compounds. 


Sodium  polyectate 
No  treatment 
(fast-  qrowinq.  isolate) 


^^  No  treatment 
^^  (slow-  qrowiny,  isolate) 

^^  ^•  —  — Sodium  polypectate 

^         ^""^ 

ff     ^^^^\^0^^^^  Polyqalacturonic  acid 
•  g      t    ^^^  ^^^^r^  Pectic  acid 

jm    I  ^    ,^^»^""""~' Pectic  acid 
III  ^O^^  .^__------  Citrus  pectin 

'  Polygalacturonic  acid 


TIME(WKS) 


DISCUSSION 


The  frec|uency  of  cell  penetration  by  haustoria,  wherever  western  white  june  hark 
cells  and  the  blister  rust  fungus  make  contact,  implies  that  in  a  suscejit ible  host- 
pathogen  interaction  products  of  enzymatic  actions  on  native  pectin  are  involved.   In 
other  studies,  histochemical  reactions  and  localized  changes  in  electron  density  in 
the  region  of  penetration  suggest  that  carefully  controlled  enzymatic  interactions 
between  host  and  pathogen  do  occur.   The  extent  of  enzymatic  alterations  of  coll  wall 
pectins  and  other  products  generated  by  the  invading  pathogen  are  unknown. 


The  methyl  esterases  are  perhaps  the  first  to  act  upon  pectin  to  expose  host  and 
pathogen  to  a  low  methoxy  pectin  compound  similar  to  citrus  pectin.   Upon  further 
activity,  a  compound  void  of  methyl  groups  (represented  by  pectic  acid)  may  be  released. 
Both  pine  cells  and  rust  mycelium  responded  negatively  to  such  products.   Pine  paren- 
chymatous cells  began  browning  when  exposed  to  a  0.1  percent  concentration  of  citrus 
pectin,  with  all  explants  becoming  brown  at  0.5  percent.   These  cells  were  even  more 
sensitive  to  pectic  acid,  becoming  brown  when  exposed  to  0.05  percent  concentrations 
and  showing  complete  color  change  and  inhibition  of  proliferation  with  the  0.1  percent 
concentration.   Apparently,  the  rust  fungus  can  tolerate  greater  concentrations  of 
these  compounds  than  can  its  host  because  although  growth  of  the  rust  was  severely 
suppressed  by  the  1-percent  concentrations,  no  symptoms  of  death,  such  as  lysis  or 
color  change,  were  evident.   The  same  responses  were  noted  in  the  polygalacturonic 
acid  treatment  of  the  rust,  i.e.,  growth  was  restrained  and  indicators  of  death  were 
not  evident. 

The  life  of  pine  cells  and  fungus  isolates  was  least  affected  by  the  highly 
water  soluble  sodium  polypectate.   The  host  cells  showed  a  tendency  toward  color 
changes  from  green  to  brown  only  in  the  treatment  with  the  highest  concentration 
(0.5  percent).   Increase  in  pine  cell  culture  size  was  almost  absent.   This  implies 
that  the  polygalacturonic  chain  may  be  detrimental  to  cell  proliferation,  but  also 
may  be  beneficial  in  prolonging  the  life  of  cells,  possibly  as  a  pH  buffer  or  as  an 
exchange  matrix  for  other  molecules.   The  rust  mycelium  was  the  least  affected  by 
sodium  polypectate  in  comparison  to  the  other  pectin  compounds;  however,  growth  rates 
and  total  growth  were  different  from  those  achieved  in  control  treatments.   When 
compared  to  no  treatment,  the  slow-growing  isolate  was  slightly  suppressed  and  the 
fast  growing  isolate  apparently  received  some  benefit. 

The  pectic  compounds  tested  suppressed  growth  of  both  pine  host  cells  and  rust 
mycelium  in  culture.   In  this  study,  the  hosts'  cells  succumbed  at  lower  concentrations 
of  pectic  compounds  and  were  more  sensitive  as  the  complexity  of  the  pectic  compounds 
decreased  than  were  the  rust  cells.   Deductively,  then,  in  the  host-parasite  inter- 
actions between  western  white  pine  and  the  blister  rust  fungus,  the  survival  of  the 
fungus  is  dependent  upon  the  tolerance  limits  of  the  host.   It  seems  that,  regardless 
of  whether  the  pectinases  orignated  from  host  or  fungus,  control  of  their  activities 
is  mediated  through  the  physiologic  status  of  the  parasitized  pine  cells. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  miUions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation   with   Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 


The  development  of  trees  and  growth  on  clearcuts  was  studied  on  the 
Abies   grandis/Clintonia    uniflora   habitat  type  {ABGR/CLUN  h.t.)  in  the 
Swan  Valley  of  northwestern  Montana. 

The  herb  and  shrub  coverage  on  clearcuts  is  dominated  by  native 
species  that  either  were  present  in  the  uncut  forest  or  invaded  following 
treatment.   Species  abundance  is  influenced  by  both  cutting  practices 
and  by  seedbed  preparation  techniques.   Most  species  found  in  mature 
forests  are  also  present  following  clearcutting,  but  many  decrease 
greatly  in  abundance. 

Most  tree  species  begin  establishing  immediately  after  disturbance, 
but  grand  fir,  Douglas-fir,  and  western  white  pine  continue  to  establish 
long  after  western  larch  and  lodgepole  pine  are  through.   Due  to  early 
establishment  and  rapid  growth,  larch  tends  to  dominate  the  young  stands 
on  many  clearcuts.   The  clearcut,  seed  tree,  and  shelterwood  systems, 
with  site  preparation,  work  well  in  these  forests,  which  are  adapted  to 
recycling  by  intense  wildfires.   On  south  slopes,  a  shelterwood 
usually  is  required  to  assure  tree  establishment,  but  on  north  slopes, 
clearcuts  and  seed  tree  cuts  usually  produce  abundant  regeneration. 
Site  preparation  by  dozer  scarification  or  broadcast  burning  is  required, 
regardless  of  cutting  method. 

Small  suppressed  grand  fir  should  not  be  used  as  advanced  regeneration 
to  form  a  new  stand  because  these  trees  are  often  very  old  and  will  not 
respond  to  release  adequately  to  yield  a  productive  new  stand.   Grand  fir 
will  only  produce  significant  merchantable  volume  if  the  trees  are  in 
a  dominant  or  codominant  position  during  most  of  their  lives. 
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INTRODUCTION 


Ch'anJ  fir  [Abies   qr^ndis    [l)ou,i;l.|  l.indl.),  western  rcdcedai'  [Thu  j-'    I'lic.tt,;    ||)oim|), 
western  white  jiine  (Pinus   wonticola    Doiigl.),  and  western  hemloek  [Tsihi.!    Ik'tfto/ilmll.j 
[Raf.]  Sarg. )  arc  major  forest  trees  of  northern  Idaho  and  areas  farther  west,  hut 
decrease  In  abundance  and  become  more  localized  eastward  across  nort  liwesl  e)-n  Montana. 
Tlie>'  all  reach  their  range  limits  near  the  Continental  Divide.   This  il  i  st  r  i  hut  i  on 
pattern  is  related  to  the  influ.x  of  moist  i^icific  air  along  a  prominent  stnnii  track 
roughl}'  paralleling  the  Canadian  border  (Daiibenmi  re  1975).   Upon  crossing,  eacli 
mountain  range  tlie  moisture  supply  is  diminished.   The  last  major  pockets  of  hea\>-, 
low  elevation  precipitation  occur  where  tlicse  Pacific  air  masses  intercept  the  main 
ranges  of  tlie  Rock>-  Mountains  east  of  the  I-latheatl  Valley.   These  aix-as  contain 
luxui'iant  forests,  in  uiiich  grand  fir,  western  redcedar,  or"  WL'Stern  heiiilocL  a  I'e  potential 
clima.x  species. 

The  northern  Swan  Valley  contains  a  relatively  large  area  of  wet,  low  elevation 
forests.   Over  much  of  this  area,  grand  fir  is  the  major  climax  species  (fig.  1),  with 
western  redcedar  abundant  on  the  wetter  topographic  positions,  such  as  north  slopes 
and  stream  bottoms.   Tliese  sites  correspond  to  the  Abies  grancUs/Clintonia    uniflnra 
(ABGR/CLUNJ  and  Thuja   plicata/Clintonia    uniflora    (TliPL/CLUN)  liabitat  types  (li.t.j  as 
defined  by  Pfister  and  others  (1977).   Western  larcli  (Larix  occidentalis   Nutt.),  Douglas- 
fir  [Pseudotsuga  menziesii    var.  glauca    [Beissn.]  I'ranco),  lodgepole  jiine  (Pinus 
contorta    Dougl.j,  western  white  pine,  and  spruce  (a  hybrid  comiilex  of  Pinus   giauca 
[MoenchJ  Voss  and  P.    engelmannii    l'arr>')  (liabeck  and  Weaver  19b9).   Because  of  tlie 
high  site  potential  in  mucli  of  the  Swan  Valley,  careful  consideration  of  forest 
reestablishment  should  be  made  prior  to  logging  ffig.  2).   Tliis  p.aper  is  designed  to 
aid  managers  and  otlicrs  working  with  grand  fir  forests  in  the  Swan  \'alle\'  and  otlier 
areas  with  similar  vegetation. 

Ayers  (1900)  and  Whitford  (1905)  gave  earl>-  accounts  of  forest  de\'elopment  in  the 
Swan  Valley.   Subsequently,  few  reports  liave  dealt  spec  if  i  cal  !>■  with  the  forests  o\~   the 
Swan  Valley  (Lukes  1975;  Pearcy  1965;  Vogl  and  R\-der  1969).   Pfister  and  others  (1977) 
provided  a  habitat  ty])e  classification  for  Montana  forests  based  upon  potential  climax 
vegetation.   Tliey  studied  mature  stands  and  offered  successional  implications  in  a 
general  way. 


Figure  1 . --Overmature  grand  fir 
stand,  Porcupine  Creek  drain- 
age, Flathead  National  Forest 
Dense  tall  shrubs  occupy  road 
cut,  an  indication  of  what 
will  happen  to  cutover  areas 
unless  regeneration  is  prompt 


'-:j^i^Jt 


fWi«» 


Figure  2. --Recently  cutover  grand 
fir  stands  in  the  Porcupine 
Creek  drainage  of  the  Flathead 
National  Forest,  Montana.   The 
western  larch  regeneration  is 
overtopping  the  tall  shrubs  in 
the  foreground  and  occasional 
advance  growth  grand  fir  shows 
above  the  shrubs  in  the  back- 
ground. 


The  purposes  of  this  paper  are:  (1)  to  summarize  the  natural  succession  patterns 
in  tlie  grand  fir  forests  of  the  Swan  Valley;  (2)  to  describe  differences  in  herbs  and 
shrubs  between  clearcuts  and  uncut  forests;  (3)  to  compare  tree  regeneration  on 
clearcuts  following  site  preparation  with  uncut  forests;  and  [4)  to  suggest  silvicul- 
tural  systems  which  offer  the  optimum  management  potential  for  timber  production. 
This  paper  has  direct  application  for  land  managers  and  silviculturists  working  with 
the  Abies  grandis/Clintonia    uniflora   habitat  type  of  northwestern  Montana.   In 
addition,  it  may  have  indirect  application  in  such  similar  types  as  Thuja  plicata/Clin- 
tonia   uniflora   habitat  type  and  nearby  areas,  provided  caution  is  exercised. 

Natural  forest  succession  patterns  are  only  summarized  here  since  the\'  are  covered 
elsewhere  (Antos  1977;  Antos  and  Habeck,  in  press).   Understanding  such  patterns  can 
aid  land  managers  and  silviculturists  in  predicting  vegetation  response  following 
wildfire  (fig.  3)  or  various  silvicultural  practices.   Management  practices  which 
mimic  natural  forces  are  often  advantageous  because  they  simulate  the  conditions  to 
which  the  species  are  adapted.   Our  understanding  of  natural  forest  succession  has 
facilitated  the  formulation  of  many  of  the  conclusions  made  in  this  paper. 


Figure    5. --A  dense    stand    of 
western    iareli   and    lodj^e- 
peie   ]iine   "^rowini;   on    an 
area   burned   In'   a   wildfire 
In   about    1890,    Bu.u   Creek 
drainas^e,    i-latliead    National 
Forest,    Montana.      Mueh 
potential    timber   value    bas 
been    lost    beeause   tlie 
stand   was   not    thinned    >'ears 
asHT . 


STUDY  AREA 


The   Swan   Valle\'    lies   cast    of   Flathead    Lake,    and    occupies    tiie   trencii    between    the 
Mission   I'^kninta  ins   to   the   west    and    the   Swan    Uanue   to   tlie    east    (fit;.     I).       The    Swan 
FUver   flows   nortlusard    in   tlie   valle\',    througli   Swan    Lake   at    the   north   end,    and    mit     into 
Flathead    Lake    (fig.    S).      'I'o   the   east,    the    steep    scar])    face   of   tlie    Swan    Range    rises 
abruptly   to   a   crest    ranging   between   0,bUU   and    i),3Ul)    ft    (2    OOl)   and    J    80(1   iii )    in    elevation. 
Tlie   Mission   Mountains   begin   west    of   tiie   nortli    end   of   the   valle\'   and    rise    steadil\    to 
9,800   ft    (3    000   m)    at    the    south   end.      Slopes   on   the   Mission    Range   are   greater   t  lian   on 
the   Swan    Range.       ["rom    an    elevation    of    3,100    ft    (950   iii )    at    Swan    Lake,    the    broad    \alle}- 
bottom   rises   gentl>'   soutliward.      Streams   on    lioth   sides   of   the   valle>'    iiave   deep!}-   dissected 
the  mountain   masses   yielding   contrasting   north   and    south    slope   liabitats. 

Botli   the   Mission   and    Swan    Ranges    are    in    essence   tilted    fault    lilocks    composed   oi 
Pre-Cambr ian    Belt    Series    strata    (Johns    1970).      The    bedrock    is   mostl\    argil  lite   and 
limestone   with   the    latter   predominant    on   the   Mission    Range    side   and    the    foi-nier   abun- 
dant   on   the    lower   part   of   the    Swan    face.      The    entire   area   was    glaciated    leaving    thick 
la>-crs   of  till   on   the   valle\'    floor   and    lesser   amounts   on   most    parts   of   the   mountain 
slopes    ( Alden    1955 ) . 


Most    soils   are   developed    in   till,    cap]Hxl    with   a    reddi  sh-hr'own    la>'er   of   volcanic 
ash   averaging   4-8    inches    (10-20   cm)    tliick.      Tlie    soils    exhibit    minimal    pi'ofile   de\'elop- 
ment    with   an    intermittent    ash-gra\'   A,    horizon    less    than    0.1    inches    (1    cm)    thick 
(/\ntos    1977). 


Kalispel 


Seeley  Lake 


l-igurc  4. --Map  of  Swan  Valley,  Montana,  showing  approximate  locations  of 
natural  stands  that  were  sampled. 


F-igure  5.--Suan  Vallc}',  Montana, 
and  the  soutliern  edge  of 
Swan  Lake,  faeing  southeast. 
The  photo  uas  taken  from  a 
reeent  elearciit  on  Yew  Creek. 
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Because  this  station  is 
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Table  1 . --Monthly   wean   precipitation   and    temperature   at   Swan   Lake    (3,150   ft    elevation; 

21    years   of  record) 


J 
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J 


J 


A 


S 


0 


\ 


D   Annua  1 


Precipi- 
tation 
(inches)   4.2    2.b   2.1    1.7 


1.2    1.8    1.0 


1   20.8 


Tempera- 
ture 
(°F) 


:.8   28.8   33.5   40.8   50.2   50.8   02.4   ol.5   59.9 


In  the  northern  part  of  the  Swan  Valley,  grand  fir  is  the  indicated  climax  spocies 
on  most  sites  between  tlie  valley  bottom  at  5,200  ft  (9(i0  m)  antl  an  elevation  ot'  about 
5,000  ft  (1  500  m).   Tlie  more  cold-tolerant  subalpine  fir  (Abios    lasioc.iri>.i    |lloi)k.| 
Nutt.)  replaces  grand  fir  above  5,000  ft  (1  500  m)  and  in  some  frost  pockets.   It  also 
occurs  as  a  minor  forest  component  on  many  grand  fir  climax  sites.   Near  tlie  soutii 
end  of  the  vallc\',  grand  fir  becomes  restricted  to  tlie  moistei'  topogr.iphic  locations 
and  is  of  minor  occurrence.   On  the  sites  too  dr\'  for  grand  fir,  Douglas-t'ir  is  the 
potential  climax  species.   Ponderosa  pine  is  a  common  serai  component  of  st.uuls  on 
these  sites,  but  rare  on  the  ABGR/CLUN  habitat  types.   On  the  wettest  sites  (  1 IIPL/CLIJX ) 
rcdcedar  and  erand  fir  are  common  associates. 


Most  logging  operations  in  the  Svvan  Valley  (from  1950-1971)  have  involved  clearcuts 
with  subsetiLient  site  preparation  and  slash  disposal  through  dozer  scarification  and 
piling  and  burning  of  debris.   Some  seed  tree  cuts  have  been  used,  but  none  of  the  cuts 
sampled  had  any  seed  trees  left  on  them.   Before  1950,  most  of  the  cutting  took  place  on 
the  valley  bottom  near  Swan  Lake  (fig.  6).   It  is  very  di-fficult  to  find  paired  stands 
in  these  older  logged  areas,  but  more  recent  clearcuts  are  interspersed  vvith  blocks  of 
uncut  timber.   These  historical  conditions  limited  the  t>^Tes  of  cuttings  that  were 
evaluated. 


Figure  6. --Grand  fir,  spruce, 
lodgepole  pine,  and  paper 
birch  form  the  stand  years 
after  an  overstory  removal, 
2  miles  south  of  Ferndale, 
Montana. 


Early  accounts  of  the  Swan  Valley  indicate  that  wildfire  had  a  strong  influence 
on  the  vegetation  (Ayers  1900;  Whitford  1905).   The  ABGR/CLUN  habitat  type  occurs  on 
relatively  wet  sites  and  fire  frequency  is  relatively  low.   Many  summers  receive  frequent 
rains  that  prevent  the  development  of  large  fires,  but  occasional  dry  summers  allow  the 
potential  for  conflagrations  to  increase.   The  forest  vegetation  is  well  adapted  to 
this  intense  and  cyclic  disturbance.   Western  larch,  the  most  commercially  valuable 
species  in  the  Swan  Valley,  is  largely  dependent  on  fire  for  regeneration.   Usually, 
a  few  large  western  larch  trees  survive  intense  wildfires  to  provide  a  seed  source. 
The  fine  old  stands  present  in  the  Swan  Valley  v>;ere  all  fire  initiated  (fig.  7).   In 
addition  to  stand  initiation  fires,  ground  fires  that  remove  part  of  the  overstory  were 
common  in  the  Swan  Valley.   Wildfire  as  an  environmental  factor  and  the  adaptation  of 
the  vegetation  to  fire  must  be  considered  in  order  to  understand  the  dvnamics  of  these 
forests. 


Figure  7. --Old  growth  western 
larch,  grand  fir,  and 
western  white  ]iine  adjacent 
to  the  Soup  Creek  Camp- 
ground, Swan  River  State 
Forest,  Montana.   Of  the 
understor)'  trees,  grand  fir 
is  in  the  niajoritv. 


METHODS 
Natural  Stands 

A  thorough  reconnaissance  of  the  Swan  Valle>'  in  1975  facilitated  the  selection  of 
natural  stands  for  sam]3ling  and  determined  the  applicability  of  sample  data  to  the 
entire  forest  area.   Stands  selected  contained  grand  fir  and  showed  little  sign  of 
man-caused  disturbance.   Sampled  were  55  natural  stands  representing  a  wide  range  of 
stand  ages  and  environmental  conditions. 


The  sampling  procedure  described  b\'  Pfister  and  others  fl977)  was 
each  stand,  a  circular  plot,  approximately  1/10  acre  (375  m' )  in  si;e, 
subj  ectivel)',  but  without  preconceived  bias  (Muel  ler-Pombois  and  Fllenb 
with  tlie  intent  of  documenting  representative  stand  conditions.   The  ca 
of  each  vascular  plant  species  was  recorded  by  the  following  classes:  ■ 
25-50,  50-75,  75-95,  and  95-100  percent.   Tree  coverage  was  estimated  s 
three  diameter  classes:  <4  inches  (<1  dm),  4-12  inches  (1-5  dm),  and   1 
(>5  dm).   All  trees  within  the  plot  were  tallied  by  2-inch  (5-dml  diamc 
with  trees  <4.5  ft  (<1.4  m)  tall  recorded  as  a  separate  class.   Phx'sica 
parameters,  such  as  elevation,  topographic  position,  aspect,  and  slope 
were  recorded.   Each,  stand  was  examined  to  determine  its  extent  and  the 
adjacent  communities. 


fol lowed . 
was  lai^l 
urg  197  I  1  , 
iiop)'  cover 

1  ,  1  -  5  ,  5  - 
eparately 

2  inches 

t  e  r  c  lass  e 
1  stand 
i  nc  1  i  iiat  i  o 
nature  ol" 


In 


uut 


for 


Stand  ages  were  determined  b)'  taking  increment  cores  of  mostl)'  larch  or  lodg,epole 
pine  because  the\'  regenerate  soon  after  fire.   All  increment  cores  were  taken  as  close 
to  the  ground  level  as  feasible  to  obtain  the  l)est  possible  estimate  of  total  ay.c. 
Cores  were  extracted  from  other  tree  species  to  determine  when  the>'  became  established. 
Many  stands  contain  numerous  small  grand  fir.   Tlie  age-size  relationships  of  these 
trees  were  determined;  numerous  small  ones  were  cut  and  larger  ones  luul  increment 
cores  extracted  (about  lb7  ages  obtained).   The  .ige  distribution  of  other  species 
was  less  intensively  examined.   For  all  trees,  age,  height,  diameter,  and  v  i  giM"  wei'c 
noted. 


The  data  from  natural  stands  were  analyzed  by  using  polar  ordinations  and  direct 
gradient  analysis.   Stand  moisture  status  used  in  the  analysis  was  estimated  from 
topographic  position.   These  analyses  led  to  an  understanding  of  the  dviiamic  and 
successional  patterns  of  this  forest  vegetation. 

Clearcuts 

All  clearcuts  adjacent  to  sampled  natural  stands  were  examined  to  determine  if  the 
cut  area  had  been  similar  to  the  adjacent  old  stand.   Uniformity  between  the  cutover 
and  uncut  stands  was  determined  by  the  following  criteria:  (1)  aspect  and  elevation 
were  the  same,  (2)  topography  was  continuous  between  the  cut  and  uncut  location,  and 
(3)  the  size  and  species  distribution  of  stumps  on  the  cut  site  were  similar  to  size 
and  species  distribution  of  trees  in  the  uncut  stand.   Most  of  the  sample  plots  on 
clearcuts  were  located  approximately  200  ft  (60  m)  from  the  edge  of  uncut  timber  to 
minimize  differences  related  to  distance.   Fourteen  clearcut-uncut  stand  pairs  met  the 
requirements  for  sampling;  11  on  the  ABGR/CLUN  h.t.,  and  three  on  the  TflPL/CLUN  h.t. 
These  cuts  were  sampled  by  using  the  same  procedure  employed  for  natural  stands.   All 
clearcuts  sampled  were  inspected  to  ascertain  factors  such  as,  the  distribution  of 
regeneration  in  relation  to  the  edges  of  standing  timber.   In  addition,  observations 
were  made  on  numerous  cuts  which  were  not  sampled. 

Locations  where  tree  species  establishment  was  occurring  were  extensively  observed 
during  the  course  of  this  study. 

The  data  from  the  cut-uncut  stand  pairs  were  compared  to  determine  the  nature  and 

magnitude  of  vegetation  differences.   The  percent  dissimilarity  between  the  pairs  was 

2w 
calculated  using  the  index:  PD  =    100  -  (lOOx^^— -),  where  a  represents  the  sum  of  values 

for  one  stand,  b   the  sum  of  values  for  the  other  stand,  and  w   is  derived  by  taking  the 
lower  value  for  each  species  considered  and  then  summing  them.   Evaluation  of  cut-uncut 
stand  pairs,  observations  of  other  cut  areas,  and  field  interpretations  of  natural 
forest  dynamics  were  used  to  identify  factors  influencing  vegetation  development 
on  logged  sites.   From  this  body  of  knowledge,  an  overall  evaluation  was  made  of  regen- 
eration systems  that  could  be  used  in  the  management  of  these  grand  fir  sites. 

RESULTS  AND  DISCUSSION 
Natural  Forest  Succession 

The  major  factors  influencing  composition  of  these  natural  stands  are  site  moisture 
and  the  stage  in  succession.   Western  larch,  Douglas-fir,  and  lodgepole  pine  were  found 
throughout  the  range  of  moisture  conditions,  but  major  differences  were  evident  in 
composition  of  herbs  and  shrubs.   Western  redcedar  occurs  only  on  the  wetter  one-fourth 
of  the  sites  supporting  grand  fir. 

Stand  replacement  fires,  the  predominant  natural  disturbance  affecting  this  forest 
vegetation,  occurred  at  intervals  that  averaged  about  150  years  (range  of  <20-300+) .   A 
broad  range  of  postfire  developmental  pathways  for  vegetation  was  observed  (fig.  8). 
These  varied  by  age  and  composition  of  the  burned  stand,  fire  intensity,  distance  to 
seed  source,  and  postfire  weather.   Western  larch  and/or  lodgepole  pine  usually  estab- 
lish promptly  after  fire  (fig.  5).   Fires  in  young  stands  tend  to  favor  lodgepole 
pine  where  cones  are  serotinous.   Fires  in  older  forests,  where  most  of  the  lodgepole 


pine   has   died,    favor    loiig-livcd    species    such   as   vv'estcrn    lar'ch.      Doin.'.la^;    f  i  i-    sapliin's 
i4i"oiv   beneath    larcli   and    lodt;epole   pine    in   most    voLin;^    stands    because'    (.-arl}'   j'. roivt  h    is 
slower   and    establishment    continues   over   a    Ioniser   iieriod.       Douvd  as- l"i  r  ,    su  I'f  i  c  i  cut  1  >• 
shade   tolerant    to   jiersist,    fills   canopy   gaps.       In   many   old    i;r!>wth    stands,    l)i)u;^  1  as- 1' i  r 
is   as    important    as    larcli.      Occasionally,    neitlier    larch   nor    lodi;epoU'   pine    succeed    in 
cstabl  i  slii  n;:; ;    so   tl\e    stand   develops   b>'   the    slow   process   of   siirubl'ield    invasion.      Tiii  s 
>'ields   distinctive   old    stands    composed   of   a    mixture   of   Dou.glas-f  i  r ,    i^rand    fii',    white 
pine,    and    spruce    (fig.    Ij. 


L  =  Western  Larch 
DF  =  Douglas-fir 
GF  =  Grand  Fir 

P  =  Western  White  Pine 
LP  =  Lodcjepole  Pine 


Figure  8. --Successional  patterns  on  the  Abies   grandis/Clintonia    uniflora    ( AK(il\/(d.UN ) 
habitat  type  in  the  Swan  Valley,  northwestern  Montana.   fCapital  letters  indicate 
major  species  and  lowercase  letters  indicate  minor  species.) 

Herbs  and  Shrubs 


Of  the  11  clearcuts  sampled  on  the  ABGR/CLUN  h.t.,  two  represent  the  Aralia 
nudicaulis   phase,  one  the  Xerophyllum   tenax   phase,  and  the  rest  the  CI i ntonia    tmifU^ra 
phase  (table  2).   Site  preparation  was  by  dozer  scarification  on  10  cloarcuts;  the 
other  was  broadcast  burned.   1-rom  7  to  16  >-ears  had  passed  since  site  propa  ra  t  i  on . 


Table  2. --Dissimilarity   values   between   clearcut   stands  and  paired   uncut   stands 
Abies  grandis/Clintonia  uniflora  habitat    type  in    the  Swan   Valley 


on   the 


Clearcut 

stand 

number 


63 


Percent      Slope   Slope  Years  since  Method  of  site 

dissimilarity   aspect  angle  Elevation  disturbance    preparation 


43.2 


Degrees 
20 


Feet 
4,500 


Piled  by 
bulldozer 
and  burned 


Habitat 
type 
phase ^ 


XETE 


61 


48.2 


w-sw 


4,100 


10 


Piled  by 
bulldozer 
and  burned 


CLUN 


68 


51.6 


13 


4,450 


Partly  piled 
by  bulldozer 
and  burned 


CLUN 


67 


53.6 


NW 


4,200 


16 


Piled  by 
bulldozer 
and  burned 


CLUN 


62 


56.1 


N-NE 


15 


3,850 


Piled  by 
bulldozer 
and  burned 


CLUN 


65 


57.4 


250 


12 


Piled  by 
bulldozer 
and  burned 


ARNU 


73 


59.1 


NE 


15 


4,450 


Piled  by 
bulldozer 
and  burned 


CLUN 


69 


61.8 


NE 


15 


4,000 


Piled  by 
bulldozer 
and  burned 


ARNU 


71 


64 


64.2 


68.7 


N-NW 


N-NW 


27 


4,200 
4,150 


12 


Broadcast 
burned 

Piled  by 
bulldozer 
and  burned 


CLUN 


CLUN 


66 


74.4 


NE 


12 


3,450 


12 


Piled  by 
bulldozer 
and  burned 


CLUN 


^CLUN  =  Clintonia    uniflora 
XETE  =  Xerophyllum   tenax 
ARNU  =  Aralia   nudicaulis . 


The  dissimilarity  values  between  the  cut  and  uncut  pairs  on  the  ABGR/CLUN  h.t.  range 
from  48  to  74  jiercent  with  an  average  of  58  percent  (table  2).   Although  many  species 
occur  under  both  conditions,  the  presence  and  coverage  often  show  marked  changes  (table 
5).   Some  species  occur  only  on  the  clearcuts  and  not  in  old  stands.   A  few  are  elimi- 
nated upon  cutting.   A  group  of  species  typified  by  Epilobium  angusti folium   and  Ceanothus 
sanguineus   are  not  present  in  mature  forest,  but  are  common  on  these  disturbed  sites 
(fig.  9).   They  are  able  to  colonize  disturbed  locations  by  wind  dispersed  seeds  or 
seeds  stored  in  the  soil  since  the  last  disturbance  period.   These  species  are  intoler- 
ant of  shade  and  tend  to  disappear  from  the  stand  early  in  succession. 
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lable    3. --Presence   anJ   average   coverage   of    species    i-ncsent    in    flin-f   'T    miTc   I'l     tin-   11    •■!,■. iwut 
uncut    stands   representing    the   Abies   grand  i  s/C  1  i  nt  on  i  a   uniilora    h.il/itat    iiii': 
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Ceanothus   sanguineus 
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Ribcs   lacustre 
R.    viscosissimuw 
Rosa    gymnocarpa 
Rubus    parviflorus 
Salix   scouler iana 
Sorbas   scopulina 
Spiraea    betuli folia 
Symphoricarpos   albus 
Taxus   brevicolia 
Vaccmium   globulare 
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Figure  9 . --Ceanothus   sanguineus 
on  a  drier  clearcut  [Abies 
grandis/Clintonia    uniflora- 
Xerophyllum  Tenax   habitat  type). 
Cilly  Creek  drainage.  Swan  River 
State  Forest. 


The  cover  of  graminoids  is  much  higher  on  the  clearcuts  than  in  the  old  forest 
(32  percent  versus  5  percent).  Festuca   occidentalis   and  Carex  concinnoides   occur  in 
small  amounts  in  about  half  of  the  old  stands,  but  arc  present  on  over  80  percent  of  the 
clearcuts  with  coverages  of  several  percent  (table  5).  Carex  rossii    is  rare  in  old 
stands  on  the  ABGR/CLUN  h,t.,  but  occurs  on  about  half  of  the  clearcuts  with  an  average 
coverage  of  over  8  percent,  most  of  which  is  contributed  by  two  stands.  Calamagrostis 
rubescens   more  than  doubles  in  coverage  on  the  clearcuts  (it  probably  spreads  rhizoma- 
tously),  but  docs  not  appear  to  invade  sites  on  which  it  has  not  been  present.   A  few 
Eurasian  grasses  establish  on  some  clearcuts,  but  usually  are  not  a  major  component. 

Many  species  characteristic  of  old  forests  tend  to  decrease  on  clearcuts. 
Adenocaulon  bicolor,    Clintonia    uni flora ,    and  Disporum  hooderi    are  not  usually  I'emoved 
from  a  site,  but  decrease  greatly  in  coverage  (table  3).   On  clearcuts  these  species 
are  often  confined  to  sheltered  spots,  such  as  by  stumps.  Chimaphila    umbellata ,    Linnaea 
borealis ,    Tiarella    trifoliata ,    and  Pyrola   asari folia   not  only  decrease  in  coverage,  but 
disappear  on  many  sites.   The  orchids  Goodyera   oblongi folia ,    Listera   caurina ,    and 
Corallorhiza  maculata   are  almost  always  absent  on  clearcuts  although  present  in  small 
amounts  in  many  uncut  stands.   These  reductions  are  due  both  to  altered  microenvironmental 
conditions,  unfavorable  for  the  growth  of  many  species,  and  physical  disturbance  during 
site  preparation.   Some  species  that  grow  well  on  clearcuts,  but  depend  on  sprouting 
from  root  stocks  to  survive  disturbance  are  adversely  affected  by  root  destruction 
during  dozer  scarification  and  slash  piling.   Beargrass  {Xerophyllum  tenax)    decreases 
greatly  on  the  clearcuts  probably  because  of  scarification  since  this  species  grows 
well  on  many  natural  open  spots.   Even  though  Acer  glabrum   grows  well  in  open  conditions 
and  is  often  an  important  component  of  shrubfields,  it  decreases  on  clearcuts  to  less 
than  half  the  coverage  recorded  in  the  old  forest,  probably  because  of  mechanical 
damage  of  the  root  systems. 

In  contrast  to  those  species  which  decrease  on  cuts,  there  are  others  growing  in 
old  stands  which  find  the  altered  conditions  on  clearcuts  favorable  and  thus  increase 
in  abundance.   Among  the  shrubs,  Alnus  sinuata,    Pachistima   myrsinites,    Rubus  parviflorus, 
Sorbus  scopulina,    and  Spiraea   betulifolia    increase  on  clearcuts  (table  3).   T^-pical 
forest  forbs  do  not  tend  to  increase. 
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Vaccinium  qlobular^-'   decreases    in    co\'erayc    on    some    eU'.ii'cuts    ( prohahl  \'    ln^eausL'    ol' 
]ih_\sical    destruction   of   root    s\'stems),    hut    temls   Xo   have   iiiucli   hiidKr    hri'i'v    lu'odue  t  i  on . 
The   bushes   do   not    do   well    on   clcarcuts   on   exiiosed    south    sU)|H's,    liut    r\'^|HiiKl    pos  i  t  i  \'c  1  y 
to   canop}'   removal    on   wetter   topographic    sites.      Appai'ent  1  >■ ,    tiiis    specii,'S   dtx'S    not 
cstahlisli   rapid))'    from    seed;    so   care   to   preserve   root    s\'stems   of    individuals   |)r-esent 
in   cut    stands    is   necessar\-   during    site   i)reparation    if   the   species    is    to   he    favoi-nl 
(Miller    1977) . 

SlirLili   coverage  on    clearcut    sites    in   contrast    witii   uncut    sites    is    variable.       )n 
some   old    stands   western   >'ew    [Taxus   brevifolia)    lias   coverages   over   50   pe-rcenl  ,    )nit    is 
largel}'   removed   during    site   jireparat  ion.       If   not    destroyed    in    this   manner   the   \'ew 
survives,    but   does   not    grow   well,    often   appearing   \'cllowish   when    in    full    siui.      Stands 
with   high    shrub   coverage   will    often    show   an    increase    in    siiridj   coverage    if   tiiere    is 
no   site   preparat ion. 

Imjiortant    browse    species    like   Ceanothus   sanguineus   and    Salix   scoulcrJan.-i ,    which 
establish   on   cuts   mostlv   from   seed,    should   not    inhibit    rajiidly   establishing    tree 
species   on   these   habitats    in   the   Sw'an   Valley.      IVlien   tree   establishment    is   <,!ela\-cd,    tiie 
development    of   shrubs    from   seed   and    root    stocks,    along   with   the    increase   of  graininoids 
becomes   a   major   piroblem  decreasing    seedling   establishment. 


Tree  Regeneration 


Most  of  the  clearcuts  are  adequately  stocked  with  young  trees,  but  the  stocking 
varies  greatl}'  botli  in  density  and  in  species  composition  (table  4).   Larcii  is  ))>•  far 
the  most  common  tree  regenerated  on  the  clearcuts,  sometimes  occurring  in  dense  stands. 
Where  larch  is  a  major  component  of  uncut  stands,  its  regeneration  usuallx'  is  predomi- 
nant in  the  new  stand  after  c learcutting.   On  about  half  of  the  clearcuts,  larch 
regeneration  dominates  the  new  stands.   Douglas-fir,  grand  fir,  and  white  pine,  the 
major  associates  of  larch,  are  more  shade  tolerant  and  are  overtopped  by  the  larch 
throughout  the  development  of  the  stand.   Lodgepole  pine  is  rare  or  absent  t)n  most 
clearcuts  owing  to  the  lack  of  seed  source  in  most  old  stands  or  to  the  loss  of  seed 
during  site  pre]Kirat  ion .   The  few  young  lodgepole  pines  that  occur  are  as  tall  as  tiie 
larch.   The  height  of  mature  lodgepole  pine  is  modest  (about  90  ft  |27  m] ) ,  however, 
com]-iared  with  120  ft  (37  m)  for  larch,  110  ft  (34  m)  for  Douglas- fi  r ,  and  130  ft 
(40  m)  for  western  white  pine. 

When  a  larch  seed  source  is  deficient,  the  developing  stands  var)-  great  1>-  in 
com]iosit  ion.   Stand  b7  is  well  stocked  with  a  mixture  of  larch,  white  pine,  Douglas-fir, 
grand  fir,  and  spruce  (table  4).   Establ  isliment  on  this  clearcut  was  slow  as  is  indicated 
b>'  the  small  numbers  of  trees  over  1  inch  (2.5  cm)  in  diameter  after  lb  )'ears  and  the 
large  proportion  of  small  trees.   Tliis  condition  will  ]5robab)y  \'ie)d  a  stand  with  a 
mixed  cano]\\-  layer.   Anotlier  clearcut  (stand  bS )  is  notably  lacking  in  trees.   (lie  more 
tolerant  Douglas-fir,  white  pine,  spruce,  and  grand  fir  may  eventual  !>'  establ  isli  on  tiie 
site  because  seed  is  available  in  the  adjacent  inicut  stand. 

On  the  drier  exposures,  stand  establishment  is  slower  and  more  difficult,   i.arcli 
trees  are  establishing  on  stand  03,  but  mostly  they  are  still  less  tlian  3  ft  ta)), 
even  tliough  9  >-ears  have  elapsed  (table  4).   Also  distribution  is  poor;  the  \'oinig 
trees  tend  to  be  clumped  on  areas  witli  the  most  disturbed  soil  and  the  least  competi- 
tion from  undergrowth  vegetation. 
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Staiul  71  is  on  tlie  onl\'  clearcut  that  uas  hroaLlcast  bufiiLd.  This  staiul  kont.iin: 
maii>'  small  i_',ranJ  fir  and  a  t\'K  1oJol'|io1c  pine,  larch,  ani,l  Mou"  1  ;is- I' i  r ,  an  indication 
tliat    v'.rand    fir   u  i  1  1    bo    t  ho    major    component    ot'    the    neu    stand. 


REQUIREMENTS  FOR  ESTABLISHMENT  AND  DEVELOPMENT 

Undo!'  natural  conditions,  uestern  larch  estahlisiies  the 
if  seed  is  a\'ai_lable.  This  species,  howe\'er,  rarel)'  estaltli 
on  the  ABllR/tdllX  li.t.  in  the  Swan  \alle\-.  Createst  seedlini', 
mineral  soil  on  moist  sites,  sucli  as  north  slopes,  uhen  most 
removed  antl  competition  from  undergrowth  is  minimal.  Seedli 
on  old  skid  trails,  but  these  trees  usuall>'  do  not  grow  as  w 
jxicted  sites.  On  south-facing  sioj'ies,  larch  often  establish 
ma\'  be  due  to  a  lethal  soil  surface  and/or  insufficent  soil 
A  shclterwviod  cut  improves  establishment  if  site  preparation 
seedlings  are  establislied  the\'  grow  best  with  full  overliead 
of  scattered  trees  1  units  growth.  Root  competition  ma)-  limi 
[Roe  1950).  Once  a  clearcut  or  wildfire  site  rcvegetates,  t 
establishment  is  limited. 


f  i  rst 

SL'a  son    a  ft  t_'  1'    \\ 

i  Idf  1  1- 

i 

s 

lies    in 

und  i 

■^turbed    f 

oi'est 

dens  i  t 

\'    occ 

irs    on    ex 

I'osed 

ol'   tlu 

i.'a  no 

ly    has    be 

o\\ 

n 

g     dc'llS 

i  t  >■     1 

^    often    g 

I'L'a  1 1,:--. 

t 

e 

11    as 

those 

on    U'ss 

coin- 

e 

s    |ioor 

1  \-    in 

the    o|)en 

.       Tiii 

s 

i\ 

ater    ( 

liaig. 

ind    ot  her 

s    I'Jll 

) 

i  S    ai^lequa  t  e 

.      Once    1 

a  roll 

1 

ight  . 

I  A- en 

an    o\'L'rs 

t  oi\\' 

t 

the    g 

rowt  h 

of    larch 

he    pote 

nt  ia  1 

for    1  a  re 

h 

Lodgepole  pine  has  establishment  requirements  similar  to  larcli  within  this  ; 
fir  2one.   When  seed  is  available,  lodgepole  pine  normally  establishes  very  well 
disturbance  and  is  a  major  pioneer  on  many  natural  burns  ffig.  H'j.   bike  larch, 
lodgepole  ]iine  docs  not  establish  in  the  undisturbed  forest  on  ABOIV-dAJN  sites. 
disposal  methods  ma>'  eliminate  most  lodgepole  seed  from  serotinous  cones. 
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Figure  10. --Thinned  stand  of 
lodgepole  pine  on  a  natural 
burn  that  occurred  about 
1890,  west  of  Swan  Lake, 
Montana . 
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Douglas-fir  begins  regenerating  as  soon  as  seed  falls  after  site 
but  continues  much  longer  than  western  larch  or  lodgepole  pine.  Beca 
has  slower  early  growth  than  larch  or  lodgepole  pine,  it  usually  deve 
codominant  or  intermediate  (rarely  as  a  dominant)  following  clearcutt 
Douglas-fir  is  shade  tolerant  enough  to  persist  and  tends  to  fill  an>' 
develop.  Optimum  growth,  however,  is  attained  in  full  sunlight.  IVhe 
ment  is  poor,  Douglas-fir  often  becomes  dominant.  Douglas- i"ir  can  es 
more  shrub  and  herb  competition  than  western  larch  or  lodgepole  pine. 
Douglas-fir  frequently  establishes  in  small  openings,  but  rai'el\-  esta 
undisturbed  canopy.  Increased  light  and/or  altered  soil  water  condit 
are  reuuired. 


prepa  ra 
usi.'  Doug, 
lopis  as 
i  iig  or  w 

canop\- 
re  lai'cli 
tabl ish 
In  old 

b  1  i  SJK'S 

ions  o{' 


t  ion  , 

las-fir 

a 

i  Idf  ire. 

gaps  that 

est  abl  i  sh- 
uni-ler 

forest  s , 
under  an 
an  (.opening 


IS 


Western  white  pine  seedlings  establish  on  many  clearcuts,  but  they  have  much 
slower  initial  growtli  than  larch  and  lodgepole  pine  seedlings.   Small  white  pines  can 
survive  under  some  shade,  but  make  poor  growth  and  will  eventually  die  unless  a  canopy 
gap  develops  and  growth  is  increased.   On  clearcuts  where  larch  regeneration  is  good, 
white  pine  will  constitute  a  minimal  component  of  the  mature  stands  (stands  66,  69, 
and  73;  table  4).   Occasionally,  when  larch  regeneration  is  poor,  white  pine  slowly 
develops  to  form  a  major  portion  of  the  canopy  layer  (stand  67;  table  4) .   White  pine 
also  establislics  in  small  forest  openings  much  like  Douglas-fir. 

In  northern  Idaho,  western  white  pine  often  develops  immediately  after  a  fire  and 
occupies  a  dominant  position  in  the  canopy  layer  throughout  stand  development.   This 
condition  has  not  been  observed  in  the  Swan  Valley  either  in  stands  developing  on 
clearcuts  or  following  wildfire.   In  the  climate  of  the  Swan  Valley,  which  is  more 
continental  than  that  of  northern  Idaho,  larch  invades  immediately  after  disturbance 
and  usually  dominates  instead  of  white  pine.   Some  old  stands  have  canopies  with  a 
major  proportion  of  white  pine.   These  stands  have  little,  if  any,  larch  and  tend  to 
be  understocked,  an  indication  that  they  developed  slowly  after  larch  establisliment 
fai led. 

Grand  fir  establishes  on  many  clearcuts  soon  after  disturbance.   The  seedlings 
can  start  in  tlie  open,  but  more  often  they  occur  where  some  shade  from  direct  sunlight 
is  available  (fig.  11).   The  young  trees  grow  slowly  for  5  to  10  years,  but  then  grow 
rapidly  if  exposed  to  direct  sunlight.   Grand  fir  predominate  on  many  poorl)'  regenerated 
clearcuts. 


igure  11. --Western  larch  sap- 
lings dominate  grand  fir, 
Douglas-fir,  and  spruce  on  a 
clearcut  in  the  Porcupine 
Creek  drainage,  Flathead 
National  Forest,  Montana.   This 
stand  has  an  excellent  diver- 
sity of  species  for  maintaining 
a  mixed  stand  after  thinning. 


Grand  fir  seedling  establishment  continues  for  many  years  after  disturbance 
(Antos  1977).   The  evidence  from  natural  stands  indicates  that  establishment  tends  to 
become  restricted  to  openings  as  stands  mature.   Few  grand  fir  establish  below  un- 
disturbed canopy  in  old  forest,  but  regeneration  is  often  excellent  in  small  openings. 
Although  grand  fir  persists  under  dense  shade,  growth  is  very  slow.   After  removal  of 
part  of  the  overstory  in  forests  (which  typically  occurs  after  fire),  dense  regeneration 
of  grand  fir  often  occurs. 

Si^ruce  can  establish  in  large  numbers  on  moist  clearcuts  or  on  natural  burns 
(stand  67;  table  4).   Spruce  becomes  a  major  component  in  the  canopy  onl\'  on  wetter 
sites  where  larch  regeneration  fails.   In  old  stands,  spruce  occasionally  establishes 
in  openings. 
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Paper   birch    (Betula   papyri fcra)    is   common   on    some   of   tlie   clearcuts   mi    the    AP.r,R/("Lll\ 
h.t.     (stand   (1  I    and    bb;    table   4).      This    species    is   abundant    at    times   on    c  1  ra  i\iit  s   on    the 
TIIPIVCLLIX   h.t.      The   young   trees    come   mostly    I'rom   seed.       Initial    heij.dit    sM-outh   u\'   bircii 
is    faster   tlian   that    of   an\'   of   the   conifers    (fig.    1-),    but    larch   usual  1\    overt  ai-.^s    birch 
at    a    height    of   about    20    ft    (b   m).      Seedlings    seem   to   deveh)p   on  1  >■   on   uet    mineral    soil, 
but    birch   can   maintain    itself   for   a   while    in   old    stands   through   stump    spi'outs    that 
grow  well    in   openings.       Birch   dominated    stands   have   developed    occas  i  ona  1  1  >■   after   wild- 
fires  on   wet    sites   where   conifer   regeneration    is   ver\'   jioor.      This   also   ma\-    ha[)pen   on 
clearcuts  on  the  TllPL/CLUN  h.t. 


Figure    12.--Pai-ier  birch  over- 
topping western    larcli   regen- 
eration  on   a   clearcut,    Rig 
Creek   drainage,    west    of 
Swan    Lake,    Flathead   National 
Forest . 


.M. 
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On  some  clearcuts  large  numbers  of  black  cottonwood  {Populus   trichocarpa)    occur 
even  though  it  is  absent  in  the  adjacent  forest.   The  very  light  windborne  seeds 
germinate  well  on   damp  mineral  soil,  but  ]irobably  nowhere  else.   The  \'oung  cottonwoods 
grow  rapidly  at  first,  but  b\-  a  height  of  10  to  15  ft  [7>   to  1  m)  growth  slows  great  1\- 
and  man}'  trees,  although  dominants,  are  in  poor  condition.   Apparentl}',  the  increasing 
competition  for  water  in  the  developing  stand  causes  the  cottonwood  to  decline  and  die, 
except  along  streams  where  there  is  a  permanent  supply  of  ground  water. 

(Ireat  variation  exists  in  establishment  characteristics  among  the  trees  jiresent 
in  the  Swan  Valley.   Figure  15  summarizes  the  information  concerning  the  conditions 
under  which  species  usually  establish.   Lodgepole  pine  and  larch  establish  best  on 
bare  mineral  soil  before  the  development  of  vegetation  causes  severe  competition  for 
light  and  water.   Douglas- fir,  grand  fir,  white  pine,  and  spruce  ma>-  establish 
initial!}-  with  larch  and  lodgepole  pine  or  later  when  herbs  and  shrubs  develop  to  the 
point  of  providing  more  microsite  protection  from  the  sun. 
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Figure  13. --Tree  species  establishment  under  various  conditions  on  the  Abies  grandis/ 
Clintonia   uni flora   habitat  type  in  the  Swan  Valley 

On  clearcuts,  where  larch  regeneration  is  good,  other  species  will  be  reduced  to 
a  minor  role  in  the  canopy  layer.   If  larch  fails,  then  a  combination  of  grand  fir, 
white  pine,  Douglas-fir,  and  spruce  will  slowly  establish.   As  stands  mature,  most 
regeneration  will  be  grand  fir,  with  some  Douglas-fir  and  occasional  white  pine.   Tree 
reproduction  on  shelterwood  cuts  or  after  natural  ground  fires  varies  according  to 
the  amount  of  canopy  left.   Where  a  high  percentage  of  the  canopy  is  left,  grand  fir 
is  favored.   With  decreasing  amounts  of  canopy,  both  Douglas-fir  and  grand  fir  establish 
well.   Under  a  thin  canopy,  larch  may  establish  with  site  preparation,  but  will  not 
develop  well  unless  more  light  is  attained. 

On  the  THPL/CLUN  h.t.,  tree  species  establishment  is  very  similar  to  that  on  the 
wetter  ABGR/CLUN  sites.   The  main  difference  involves  the  addition  of  redcedar.   On 
some  burns,  western  redcedar  establishes  in  very  large  numbers  (>6,000/acre  under  larch 
in  one  40-year-old  fire-initiated  stand).   Wet  mineral  soil  is  very  favorable  for 
seedling  establishment  if  competition  is  minimal  and  protection  from  direct  sunlight 
is  available.   On  some  clearcuts  and  frequently  on  wildfire  sites,  redcedar  establishes 
in  abundance  and  forms  a  layer  under  larch.   In  mature  forests,  redcedar  seedlings  are 
rare  and  those  that  do  occur  are  often  confined  to  openings  or  rotten  logs,  but  repro- 
duction by  layering  is  common. 


CHANGES  CAUSED  BY  TIMBER  MANAGEMENT  PRACTICES 

Effects  of  dozer  scarification  of  clearcuts  are  similar  to  those  of  natural  high 
intensity  fires  in  that  above  ground  parts  of  the  old  stand  are  mostly  removed  and 
mineral  soil  is  exposed,  but  there  are  important  differences.   On  the  clearcuts,  but 
not  on  natural  burns:  (1)  lodgepole  pine  seed  in  serotinous  cones  is  mostly  destroyed; 
(2)  fire  intensity  is  very  uneven,  with  hot  spots  under  piles,  while  often  the  rest 
of  the  area  is  little  burned;  (3)  snags  do  not  remain  to  provide  shaded  microsites  for 
tree  establishment;  (4)  nutrients  are  concentrated  under  piles;  and  (5)  shrub  and  herb 
root  systems  are  often  disturbed  during  scarification  and  slash  piling.   Seed  tree 
cuts  have  establishment  conditions  very  similar  to  clearcuts.   The  major  difference 
lies  in  the  greater  amount  of  seed  available.   Occasionally,  broadcast  burns  are 
used  for  site  preparation  and  slash  disposal.   Tliis  treatment  is  somewhat  closer  to 
intense  natural  burns,  but  still  the  serotinous  lodgepole  seed  source  is  removed  and 
snags  arc  not  often  present.   SheltervTOod  cuts  are  similar  in  many  ways  to  natural 
ground  fires  which  partly  remove  the  canopy. 


Clcarcuts    with    little    or    iui    site    ju'ciKirat  ion    tciul    to    Ikuc    1  i  t  1  U'    ix-<'.cih'im  t  i  <in . 
Such   clearcuts   do   not    correspond    to   ;in\'   t\'pe   of   natural    disturbance.       l,\'en    t  hr    infre- 
ijuent    occurrence   of"   a    complete    uindthi"o\N    exposes    some   mineral     soil    around    tlie    stumps. 
orest    trees    establish    sloul\    under   these   conditions. 


Cuttinj;   metiiods   that    remo\'e   the   dominant    trees,    leaviipu    si 
trees   to    form   a    new    stand    create   an   inmatural    condition    in    thi 
occurs   natural  1\-   onl)'    following    some    insect    epidemics   or   windt 
wiiich   the   probabilit)'   oi'   fire   usuall}'    increases.      Trees    in    tlie 
i-eadil>    after    fire,    which   lii  stor  i  cai  1  \-    is    tiie    predominant    t>pe 
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Man>'   old    stands    on    the    ,\BGR/('LIJN    h.t.    iiave    an    abiuulance    of    sni.ill    mii^lerst  oi-\'    <',rand 
fir    (fig.    14).      TN'pical    suppressed    grand    fir    10    ft    (3   m)    tall    a\'ei'age    from   (>()   to   S(i 
\'ears   old    I  fig.    IS).      These    trees   normall}"   grow    in   height    at    rates   of   ()..s    to   _'    inches 
(1    to   S   cm)    per   \'ear.      Otlier   grand    fir,    whicii    receive   overhead    light    at    an    earl\'   age, 
grow   rapidl}'   and   can    liecome   part    of   tlie   upper   canop\'.      (;reat    variation    in    si:e   occurs 
bet\\cen    trees   of   a    given    age    (fig.     15).       One    lunidred-_\ear-o  kl    grand    firs    i"ange    in 
height    from   .5    ft    (1.5   m)    to   over    lUU    ft    (50   m). 

Probabilit}'   of  obtaining   a   useful    new   stand    from   small,    suppressed    grand    fir    is 
low    (fig.    lb).      Man\'   suppressed    grand    firs    fail    to   respond    to   release.      (Tf   those   tliat 
do   respond,    man\'   are   |n-one   to   heart    rot    from   tlie    Indian   paint    fungus    (Echinodont  ium 
tinctorium)    {.-\ntos    1977).      Some   sites   north   o\'   Swan    Lake   were    "lii  gh-graded"   befi^re    lOSO, 
but   now   sup]Tort    few   sound    trees.      Tliese    stands   of   mostly   rotten   grand    fir    represent 
poor   utilization   of   Iviglil}'   productive    sites. 


Figure    14. --Small    grand   fir 
growing   under   an   overstor\' 
of  mature   western    larch, 
l)ouglas-f ir ,    and   western 
white   pine.      Porcupine 
Creek  drainage,    Flathead 
National    Forest.      Most   of 
this   advance   regeneration 
is  not   worth}-  of  featuring 
in   a   new   stand   after 
removal   of   the   old    growth. 
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Figure  15. --Variation  in  height  and  age  of  grand  fir  in  the  Swan  Valley 


Figure  16. --Advance  grand  fir 
regeneration  and  other  un- 
merchantable trees  left 
after  harvest.   The  young 
western  larch  (foreground) 
will  rapidly  overtake  the 
mucli  older  grand  fir  in 
total  height  and  will  pro- 
vide for  more  volume  growth. 
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The  potential  for  release  of  the  few  sui-ipressed  uesteni  uhitr  p  i  ik-  ruimd  in  uKl 
growth  stands  is  poor  because  of  their  old  age  and  the  iiigh  incidence  ol'  rot.   IVli  1 1  e 
pine  can  endure  long  suppression  (one  tree  was  170  \-ears  old,  but  on  1  >•  Jl  It  |(i.  1  m  | 
tall).   Tliese  old  suppressed  trees  jirobably  will  not  recover  upon  release,  init  \i)un;.',er 
more  vigorous  trees  respond  to  large  increases  in  overliead  light  witli  rapid  iTowth. 
Man)'  mature  white  pine  had  a  center  of  small  rings,  indicating  tiiat  tlie\  went  t  lu-Dugii 
a  period  of  initial  suppression.   In  the  Swan  Valley,  heart  rut  is  common  in  the  nlder 
sujipressed  white  pines. 

Douglas-fir  is  common  in  some  understor  ics ,  especial  1\'  on  driei'  sites.   Trees 
which  still  exhibit  moderate  vigor  respotid  well  to  increased  liglit.   In  some  drier 
stands  on  the  ABGR/CLUN  li.t.,  there  are  large  numbers  of  small  Dougl  as- 1"  i  r ,  initiati'd 
after  groinid  fires,  which  appear  to  offer  potential  for  release  cuttings. 

On  the  TIlPh/CLUN  habitat  t>'pe  sites,  small  rcdcedar  are  often  aiiundant  in  mature 
stands.   Like  the  grand  fir,  most  of  tliese  trees  are  old  and  man>'  are  iiollou  in  the 
6-inch  (15-cm]  diameter  range.   Although  some  of  these  trees  will  begin  to  grow  well 
upon  relaease,  it  is  doubtful  that  they  will  ]-)roduce  useful  timber.   In  the  Swan  Valle>' 
rcdcedar  is  at  its  eastern  limits  and  grows  slowly,  not  attaining  large  si::e  except  on 
the  wettest,  most  jirotected  sites,  such  as  side  drainages. 


Management  Implications 


Under  natural  conditions,  the  forests  on  the  ABGR/CLUN  ii.t.  in  the  Swan  Valles'  were 
rec\'cled  periodically  by  fire.   Si  Ivicultural  practices  can  mimic  t  li  i  s  pattern  l\\'  using, 
the  clearcut,  seed  tree,  or  shelterwood  systems  with  site  preparation  b\'  dozer  scarifi- 
cation or  broadcast  burning.   The  clearcut,  seed  tree  cutting,  and  slielterwood  cutting 
resemble,  respectively,  the  effect  of  a  wildfire  that  kills  tlie  entire  stand;  all  liut  a 
few  scattered  trees;  and  a  portion  of  the  dominants  and  codominants.   Less  inttMisc 
wildfires  that  have  little  effect  on  the  canopy  approximate  a  tliinning  more  tiian  the 
process  of  stand  replacement.   Broadcast  burning  has  maii>'  of  the  characteristics  of 
wildfire.   The  process  of  ]")iling  and  burning  is  less  similar  to  wildfire,  but  still 
has  many  of  the  same  effects. 

Figure  17  presents  the  most  probable  results  of  natural  regeneration  from  the  use 
of  different  cutting  metliods  and  site  preparation  techniques  in  old  forests  on  the 
ABGR/CLUN  h.t.   Artificial  regeneration  (usually  planting)  may  be  used  to  increase 
species  diversit\',  supplement  inadequate  seed  crops,  or  increase  superior  genetic  traits, 
The  sites  are  divided  into  north  and  east  slopes  and  into  south  and  west  slopes  because 
of  the  important  effects  these  exposure  differences  have  on  seedling  establishment. 
In  considering  a  site,  it  is  important  to  keep  in  mind  the  modif\-ing  effects  slo]ie 
position,  slope  inclination,  and  wind  exposure  liave  on  the  results  expected  from 
aspect  alone.   Seed  tree  cuts  are  not  diagramed  liere  separately  from  clearcuts  liecause 
seedling  establishment  conditions  are  similar. 

The  seed  tree  or  clearcut  s\'stem  with  site  preparation  through  broadcast  burning 
or  dozer  scarification  offers  a  high  probability  of  regenerating  a  stand  of  desirable 
composition  on  north  slopes  (fig.  17).   Usually,  a  larch-dominated  stand  with  an 
admixture  of  otlier  species  will  result.   Seed  trees  insure  a  more  uniform  seed  suppl\-, 
but  are  often  not  necessary  for  the  attainment  of  adequate  stocking,  (Shearer  l'.)r^'.)). 
If  seed  trees  are  left,  they  should  be  the  best  and  most  windfirm  trees  in  the  stands 
and  preferably  of  more  than  one  species  in  order  to  increase  the  diversit)'  of  tlie 
new  stand.   How  many  seed  trees  are  necessary  is  a  difficult  (|uestion,  because  the 
number  required  to  produce  adequate  stocking  in  good  seed  }'ears  with  favoral)le  weather 
will  produce  few  seedlings  in  dry  or  iH)or  seed  \'ears.   iiie  target  between  understocking 
and  overstocking  is  difficult  to  li  i  t  .   It  appe.'i's  to  lie  better  to  eri^  toward  o\'er- 
stocking,  since  thinning  is  warranted  on  these  highly  proiluctive  sites.   While  the 
problems  encountered  in  a  brush}'  iniderstocked  stand  can  be  formitlahle,  the  best  apni-oach 
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rClearcut- 


Site 
preparation 


Probable 
outcome 


-Scarification*.Larch  stand  with  admixture  of  other 
species 


^None- 


•Shrubf ield;  slow  development  of  stand 
of  GF,  DF,  WP,  and  spruce 


-Scarif ication-»-Larch-DF  stand  with  some  GF 


^Nonc 


Slow  development  of  a  GF-DF-WP  stand 


pScarif ication-^DF-GF-WP-spruce  stand;  development 
may  be  slow 


l-None 


"Shrubfield;  very  slow  development  of 
a  stand  of  GF,  WP,  DF,  and  spruce 


Present — 


Scarif ication-^-DF-GF-WP-spruce  stand 

^None ••Slow  development  of  a  GF-DF-WP  stand 

|— Scarif ication-^Understocked  larch  with  slow  develop- 
ment of  DF  and  GF 


Jone- 


•Shrubfield;   very  slow  development  of 
DF   (GF) 


'-Shel  terwood- 


-Clearcut- 


L-Absent- 


-Shel terwood- 


— Scarif ication-^-Larch-DF  stand  with  some  GF 
•-None ^Slow  development  of  DF   (GF) 

Scarification— Very  slow  development  of  DF   (a  few  GF^ 

None ^Shrubfield;   very  slow  development  of 

DF    (GF) 

-Scarif ication^^DF  (GF)  stand 

-None ♦•Slow  development  of  DF  (GF) 


Figure  17. --The  most  likely  outcome  of  silvicultutal  procedures  on  Abies  grandis/ 
Clintonia  uni flora  sites  in  the  Swan  Valley.  (DF  =  Douglas-fir,  GF  =  grand  fir 
and  WP  =  white  pine.) 
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iii.i}'  involve  Iraviiii^  numerous  seed  trees  and  seari  fyinj;  U'ss  than  ;.(i  pereent  o\'    soil 
surfaee,  tlius  limit  ini;  the  amount  of  area  on  isiiLeh  tn-es  van  estalilish.   This 
praetiee  also  limits  root  and  rhizome  damage  o['    impoi'tant  siiruhs  like  V.i:\- 1  n  i  u:n  <i ;  >  ■hn  Li  r-- 
and  lessens  the  potential  1'or  soil  erosion.   Dozer  seai'i  I'i  ea  t  i  on  has  no  eounlerpart  iindir 
natural  conditions;  so  minimizing  this  iiroeess  iiia>'  be  advantageous. 

Although  shelterwood  trees  are  not  normal  1\'  needed  o\\    north  slopes,  tiie\'  do  not 
iidiihit  lareli  regeneration  if  the\'  are  removed  as  soon  as  the  lareh  are  est  ah  1  i  slicd . 
If  the  shelteruood  is  not  promptl)'  removed,  the  \'oung  lareh,  uhieh  are  shade- i  nt  n  1 1  rant  , 
will  make  jioor  growtli  and  ma\'  lie  overtopped  b\'  |)ouglas-fir  I'egenerat  i  on .   RL-moval  ol'  tin.' 
shelterwood  uhen  trees  are  sapling  size  causes  unacceptable  damage  to  t  lu_'  \\v\\    stand, 
bouglas-fir  establishes  uell  and  can  grow  better  tlian  larch  uiulei'  a  shelterwood.   Most 
stands  have  some  larch  dwarf  mistletoe  [Arceathohium   laricis);    so  larch  shelterwood  and 
seed  trees  must  be  removed  as  soon  as  possible  fSchiiiidt  and  others  l'.)7(i).   Doug,  1  as- f  i  i- 
however,  is  nearl\'  free  of  dwarf  mistletoe  within  the  Swan  Valle>'. 

Shelterwood  cuts  provide  the  protection  tliat  is  usuall\'  needed  for  seeilling.  rstab- 
lisliment  on  south  slopes  (fig.  17).   Larch  stands  can  be  initiated  wheiX'  the  shelterwood 
trees  are  removed  promptly;  dela)'ed  removal  will  favor  iJouglas- f  i  i'.   (iood  re;',enerat  i  on 
rei-iuires  site  preparation  through  broadcast  burning  or  scarification.   In  stands  with 
few  windfirm  trees,  clearcutting  and  planting  ma\'  be  the  best  opti(ins. 

On  some  drier  sites  witliin  the  ABGIVCLUN  h.t.,  ground  fires  have  produced  hetero- 
geneous stands  with  more  than  one  age  class  and  groups  of  even-aged  trees.   In  these 
stands,  a  group  selection  approacli  can  be  used.   Croups  of  vigorous,  fu  1  1 -cro\\ned 
sapling  Douglas-fir  are  sometimes  present  and  this  advance  growth  should  be  maintained. 
The  areas  of  older  growtli  should  be  cut  using  the  shelterwood  s\-stem.   i1iis  approach  is 
best  suited  for  Douglas-fir,  although  larch  grows  well  if  openings  are  large  eiu)ugh 
[over  2  acres)  and  the  shelterwood  is  removed  promptl}'. 

Grand  fir  develops  beneatii  regenerated  larch  on  cutover  areas,  jList  as  it  does 
during  natural  forest  succession.   Most  of  these  grand  fir  trees  will  be  suppressed, 
but  some  will  contribute  to  the  stand  volume.   Where  larch  is  rare  or  absent  in  a 
shelterwood,  grand  fir  may  dominate  the  new  stand  with  Douglas-fir,  unless  grand  fir  is 
mostly  removed  from  the  shelterwood.   (irand  fir  trees  that  attain  a  dominant  or  co- 
dominant  position  when  the  stand  is  \'0ung  can  be  left  since  the)'  grow  I'apidl}'. 

Westerii  white  pine  makes  good  growth  on  man\'  sites,  but  tlie  presence  o['   the  white 
pine  blister  rust  [Cronartium  ribicola]    makes  management  difficult.   In  general, 
this  species  should  not  be  discriminated  against  because  growth  is  good  and  there  is 
tlic  possibilit}'  of  naturall}'  occurring  resistant  strains.   Resistant  stock  can  be 
planted  on  wetter  sites. 

Lodgepole  jiine  occurs  in  maii\'  natural  stands  less  than  ISU  x'eai's  old.   lew 
lodge]")ole  pines  occur  on  most  clearcuts.   This  is  apparenti)'  becausr  of  a  combination 
of  seed  destruction  during  site  preparation  and  low  seed  source  in  adjacent  uncut  I'orc-sts, 

Table  5  contains  a  summary  of  recommended  si Ivicultura 1  procedures  to  obtain  natural 
regeneration  on  the  ABGR/CLUN  h.t.  in  the  Swan  Valley.   On  TIIPk/CbllN  sites,  \\\v    same 
recommendations  can  be  used  with  most  of  the  stands  corresponding  to  the  old-i',rowth, 
north-slope  forest  with  a  larch  seed  source  jiresent.   A  seed  tree  cut  or  .i  cleareut 
should  work  well  on  these  sites.   A  few  IIIPL/GLUN  sites  i)ccur  on  soutli  s  h)pe  seejiagA' 
areas  and  here  a  shelterwood  is  appropriate.   In  all  cases,  site  prejiarat  ion  should  be 
emplo_.'ed  by  broadcast  burning  or  scarification  and  b>'  piling  and  burning. 


Table  S .- -Recommended   silvicultural    procedures    to   obtain   natural    regeneration   on    the 
Abies  grandi s/Clintonia  uniflora  habitat   type   in    the  Swan   Valley 


Forest  to  be  cut 


Mature  forest  on 
north  or  east  slopes 
with  larch 


Mature  forest  on 
north  slope  with 
no  larch 


Mature  forest  on 
south  or  west  slope 
or  any  other  site 
where  seedling 
cstabli  shment 
might  be  difficult; 
larch  present 

Mature  forest  on 
south  slope  or 
an}'  other  site  where 
establishment  might 
be  difficult ; 
larch  absent 


Recommended  procedure 


Clearcut  or  seed  tree^  cut 
leaving  larch  and  Douglas-fir 
seed  trees;  site  preparation 
by  broadcast  burning  or 
scarification 

Seed  tree  or  shelterwood^ 
cut  leaving  Douglas-fir 
and  mixture  of  other  species, 
including  white  pine,  grand 
fir,  and  spruce  (leave  spruce 
only  if  old  ones  are  vigorous 
on  site);  site  preparation  by 
piling  and  burning  (broad- 
cast burning  if  thin-barked 
trees  are  considered.) 

Shelterwood^  leaving  mostly 
larch  and  Douglas-fir; 
site  preparation  by  broadcast 
burning  or  piling  and  burning, 


Shelterwood  cut  leaving  mostly 
Douglas-fir,  site  preparation 
by  broadcast  burning  or  by 
piling  and  burning 


Result 


Larch-dominated  stand 
with  some  Douglas- fir 
and  small  amounts  of 
other  species  mostly 
below  the  canopy 

Mixed  forest  of 
Douglas-fir  with  some 
grand  fir  and  vv/hite 
pine  (spruce) 


Larch-dominated  stand 
with  varying  amounts 
of  Douglas-fir  depending 
in  part  on  seed  source 
ratios  in  shelterwood 


Douglas-fir  stand  with 
some  grand  fir 


Forest  with  groups 
of  healthy  advanced 
regeneration  of 
Douglas-fir  (usually 
in  groups  from  light 
burns  on  dry  sites) 


Combination  of  group  selection 
and  shelterwood  cut;  site  prepar- 
ation by  piling  and  burning; 
broadcast  burning  might  be 
possible  in  parts  of  area. 


Stand  with  two  or  more 
age  class  groups  of 
Douglas-fir  with  some 
larch  and  grand  fir 


^Seed  trees  and  shelterwood  trees  should  be  removed  as  soon  as  adequate  regenera- 
tion is  well  established. 
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These  rccoiiimeiulations  cmpliasize  the  production  of  wood,  but,  in  .ill  cases,  othei' 
forest  values  should  also  be  considered.   Shelterwood  cuts  help  allevi.ite  some  of  the 
visual  impacts  of  clearcuts.   Leaving  a  sheltervvood  until  a  new  stand  has  becMi  initiated 
is  a  much  better  solution  to  visual  impact  than  leaving  suppressed  trees  regardless  of 
species  to  mask  a  site  that  is  not  being  well  used.   Where  visual  impact  is  the  major 
consideration,  a  combination  of  group  selection  and  shelterwood  cuts  ma}-  bv   used.   In 
some  areas,  big  game  use  is  intense.   The  canopy  should  probatil)'  not  lie  removed  on 
some  stream  bottom  deer  yards  or  only  small  areas  removed  at  a  time.   If  game  wintei" 
I'ange  is  determined  to  be  more  im])ortant  than  timber  production  on  south  slopes, 
frequent  burns  will  maintain  shrubfields.   In  general,  it  is  advisable  to  limit  site 
scarification  in  order  to  minimize  erosion  and  shrub  reduction.   Many  cuts  can  provide 
significant  amounts  of  browse  species.   The  importance  of  various  types  and  jiattei-ns 
of  vegetation  to  big  game  species  and  other  wildlife  is  beyond  the  scope  of  this 
study,  but  needs  to  be  evaluated  on  the  grand  fir  sites  of  the  Swan  Valley. 

Every  site  and  stand  is  unique  and  requires  evaluation.   The  recommendations  ]iut 
forward  liere  are  general  guidelines  and  will  need  modifications  to  accommodate  specific 
stand  characteristics  and  management  objectives.  A   through  knowledge  of  the  ds'namics 
of  this  forest  vegetation  and  the  probable  outcome  of  manipulations  is  necessai-y  for 
optimum  management.   By  mimicking  natural  forest  processes  as  closely  as  possible,  it 
should  be  feasible  to  maintain  and  harvest  highly  productive  forests  on  grand  fir  and 
western  redcedar  sites  in  the  Swan  Valley  without  significant  adverse  effects  on 
other  forest  values  such  as  wildlife,  water  yield,  and  recreation  potential. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  23 1  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah    (in   cooperation    with    Utah    State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 

This  publication  is  volume  II  of  two  volumes  on  plant  succession  and  wildlife  habitat 
condition  and  trend  on  the  Bridger-Teton  National  Forest  in  the  Jackson  Hole  region  of 
Wyoming.  It  is  primarily  intended  for  land  managers,  resource  specialists,  and  the 
academic  community. 

Volume  II  discusses  the  "why"  behind  changes  covered  in  the  photo  record  provided  in 
volume  I.  The  analysis  covers  broad  plant  communities  including  conifer,  aspen,  willow, 
sagebrush,  deciduous  shrub,  half-shrub,  and  tall  forb.  Also  included  are  watersheds  and 
stream  courses. 

The  study  area  has  experienced  succession  to  conifers  and  sagebrush  accompanied 
by  buildup  of  heavy  fuels,  loss  of  understory  plants,  and  a  reduction  in  carrying  capacity 
for  wildlife.  Prescribed  fire  and  timber  harvests  in  areas  of  good  potential  are  the  most 
practical  means  of  improving  wildlife  habitat  and  reducing  heavy  fuels.  The  influence  of 
these  vegetative  management  techniques  on  wildlife  is  reviewed.  The  author  concludes 
that  fire  must  be  integrated  along  with  timber  management  into  long-term  land  manage- 
ment plans. 
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INTRODUCTION 

This  publication  is  volume  II  of  two  volumes  on  plant  succession  and  wildlife  habitat 
condition  and  trend  on  the  Bridger-Teton  National  Forest  in  the  Jackson  Hole  region  of 
Wyoming.  It  is  primarily  intended  for  land  managers,  resource  specialists,  and  the 
academic  community.  Volume  I  is  largely  pictorial,  and  intended  for  a  wider  audience,  in- 
cluding nonprofessionals  who  have  a  high  interest  in  the  landscape. 

Volume  I  compares  photographs  taken  between  1872  and  1942  with  1968-1972  retakes. 
Photographs  are  preceded  by  a  description  of  the  study  areas,  including  geology, 
topography,  soils,  climate,  and  vegetation.  A  brief  history  reviews  highlights  of  early  ex- 
ploration and  settlement.  Insight  into  biotic  and  abiotic  influences  on  the  landscape  is 
also  provided.  A  knowledge  of  historical  and  ecological  influences  which  shaped  wildlife 
habitats  of  the  Bridger-Teton  National  Forest  prepare  the  reader  for  the  photographs 
which  comprise  the  body  of  the  paper. 

Eighty-five  matched  photographs  are  arranged  in  three  geographical  sections  from 
north  to  south.  Included  is  the  Teton  Wilderness  and  vicinity,  the  Gros  Ventre  Drainage, 
Jackson  vicinity,  and  the  Hoback  Drainage.  Elevational  differences  from  5,800  ft 
(1  768  m)  to  12,165  ft  (3  709  m)  dictate  a  wide  assortment  of  vegetation.  Plants  vary 
from  alpine  to  cold  desert  species. 

Photo  captions  highlight  pertinent  relationships  including  changes  in  each  scene.  In- 
terpretations offered  are  mostly  related  to  wildlife  habitat.  Also  covered  is  information 
pertinent  to  fisheries,  forestry,  range,  geology,  soils,  hydrology,  fire  management,  and 
management  of  the  visual  resource.  The  role  of  fire,  which  was  the  primary  driving  force 
influencing  vegetative  development,  is  given  special  emphasis. 

Changes  in  each  geographical  section  in  volume  I  are  summarized  in  a  concluding  sec- 
tion. This  discussion  provides  an  overview  of  changes  depicted  in  the  photo  record.  The 
analysis  covers  broad  plant  communities,  including  conifer,  aspen,  willow,  sagebrush, 
deciduous  shrub,  half-shrub,  and  tall  forb;  also  included  are  watersheds  and  stream 
courses. 

Volume  II  explains  why  successional  changes  occurred,  in  light  of  current  understand- 
ing of  biotic  and  abiotic  influences.  Included  is  material  drawn  from  published  and  un- 
published sources  as  well  as  observation  on  the  Bridger-Teton  National  Forest  and  rele- 
vant studies  done  elsewhere. 

Management  implications  are  discussed  in  the  context  of  existing  land  management 
classifications  and  ability  of  the  land  to  produce  vegetation.  Some  areas  have  a  high 
potential,  whereas  in  others,  the  potential  is  limited. 

Reduced  fire  periodicity  has  resulted  in  widespread  successional  advances.  This  is 
reflected  in  heavy  fuel  buildup,  loss  of  understory  plants,  and  a  reduction  in  carrying 
capacity  for  wildlife.  Plant  succession  has  also  resulted  in  far-reaching  influences  on 
other  fire-dependent  systems. 

Prescribed  fire  and  timber  harvests  are  recognized  as  the  most  viable  means  of  improv- 
ing wildlife  habitat  and  reducing  fuel  buildup. 

Benefits  of  habitat  modification  vary  depending  on  the  wildlife  species  and  succes- 
sional stage.  fVlany  wildlife  species  increase  in  early  plant  succession  while  others  are 
displaced  or  eliminated  until  later  succession. 

It  is  concluded  that  because  fire  is  a  natural  phenomenon  that  initiates  many 
beneficial  processes  and  because  it  should  not  be  eliminated  from  the  system,  fire  must 
be  integrated  along  with  timber  management  into  long-term  land  management  plans. 

Readers  with  a  deep  or  professional  interest  should  have  a  copy  of  volume  I  while 
reading  volume  II.  Volume  I  provides  a  map  of  the  study  area  and  maps  of  photo  loca- 
tions. Volume  I  also  contains  the  "Plates"  referred  to  in  "Changes  and  Causes"  in 
volume  II.  Lists  of  scientific  and  common  names  are  given  in  volume  I,  appendix  II. 


CHANGES  AND  CAUSES 

Conifers 

Significant  successional  advances  of 
conifers  in  [he  past  75  to  100  years  ap- 
pear to  be  closely  tied  to  a  reduction  in 
fire  frequency.  In  absence  of  fire,  con- 
ifers hiave  fiad  an  opportunity  to 
increase.  Thiey  are  favored  by  being 
longer-lived  thian  othier  plants  and  better 
adapted  to  thie  more  productive  sites.  As 
a  whole,  greatest  change  in  coniferous 
forests  has  occurred  in  lodgepole  pine 
stands  from  valley  floors  to  about  9,000 
ft  (2  744  m).  Photo  evidence,  narratives, 
and  fire  scars  suggest  that  much  of  this 
type  was  in  early  succession  at  the  turn 
of  the  century.  Today,  trees  are  mostly 
100  to  150  years  old,  and  subalpine  fir  is 
often  a  principal  component  of  the 
understory.  Lodgepole  pine  stands 
above  9,000  ft  (2  744  m)  are  generally 
older  than  at  lower  elevations.  Two- 
hundred-year-old  trees  are  common.  At 
high  elevations,  lodgepole  pine  has  been 
less  susceptible  to  mountain  pine  beetle 
infestations.  Fuel  buildup  has  been  slow 
and  burning  conditions  less  severe,  so 
fires  have  been  less  frequent  and  less  in- 
tense. 

Most  Douglas-fir  stands  are  100  to  125 
years  old  on  north  and  west  exposures 
along  the  lower  Gros  Ventre  River,  in  the 
Jackson  vicinity  south  through  the 
Grand  Canyon  of  the  Snake  River,  and 
along  the  lower  Hoback  River.  Fallen  fire- 
killed  snags  suggest  that  these  localities 
were  in  advanced  succession  by  1870, 
with  high  fuel  loading.  Subsequent 
widespread  burning  in  the  1870's,  at  a 
time  when  few  white  men  frequented  the 
region,  resulted  from  a  coincidence  of  ig- 
nition and  extreme  burning  conditions. 
The  even-aged  stands  that  we  see  today 
resulted  from  these  fires  (plates  33,  66, 
71).  Although  not  readily  apparent  in  the 
photographs,  subalpine  fir  regeneration 
is  common  in  these  Douglas-fir  stands, 
having  been  favored  by  the  shaded  en- 
vironment. 

Douglas-fir  on  southerly  and  easterly  ex- 
posures and  ridges,  particularly  on  the 
north  side  of  the  Buffalo  ForK  River,  are 
more  variable  in  age.  Fires  appeared  to 
be  more  frequent  on  these  sites  because 
of  the  drier  environment  that  supported 


light  fuels.  Ground  fires  were  recurrent 
as  evidenced  by  fire  scars  and  charred 
bark  on  these  more  scattered  trees.  In- 
dividual older  trees  that  predominate  to- 
day have  persisted  despite  recurrent 
ground  fires  over  the  past  300  to  400 
years  (plate  24). 

The  spruce-fir  forests  of  today  are  in  late 
succession.  Dominant  Engelmann 
spruce  are  often  between  200  and  300 
years  old.  The  understory  is  usually 
characterized  by  shade-tolerant 
subalpine  fir.  Wildfires  in  spruce-fir  are 
more  widely  spaced  because  of  the  infre- 
quent coincidence  of  severe  burning 
conditions  and  an  ignition  source.  Fire- 
scarred  trees  and  the  variable  age  struc- 
ture of  stands  today  attest  to  a  history  of 
low-intensity  fires,  which  is  the  normal 
expectation  in  the  moist  environments 
characteristic  of  spruce-fir  forest.  Over 
the  centuries,  however,  high-intensity 
fires  resulted  when  heavy  fuel  loading, 
ignition,  and  extreme  burning  conditions 
coincided. 

Engelmann  and  blue  spruce  in  valleys 
and  low  elevation  canyon  bottoms  ap- 
pear to  have  burned  more  frequently 
because  of  drier  conditions  and  more 
rapid  fuel  buildup.  Most  of  these  stands 
are  currently  in  early  succession  (plates 
11,  74). 

Whitebark  pine  stands  vary  from  those 
with  200-  to  300-year-old  trees  and  high 
mountain  pine  beetle  mortality,  as  in  up- 
per Rodent  Creek,  to  stands  90  years  of 
age  or  less  on  the  west  slope  of  Big 
Game  Ridge.  The  fire-free  interval  in 
whitebark  pine  stands  appears  to  have 
been  longer  because  of  sparse  fuel  and 
fuel  buildup.  Fire  behavior  in  this  type 
apparently  varied  with  tree  density. 
Where  trees  were  scattered,  as  on  the 
west  slope  of  Big  Game  Ridge,  burning 
must  have  been  largely  by  spotting  from 
tree  to  tree  because  the  sparse  her- 
baceous cover  could  not  carry  fire  very 
far.  In  closed  stands,  fires  probably  burn- 
ed most  of  the  trees,  which  resulted  in 
even-aged  young  growth  that  today  con- 
trasts sharply  with  adjacent,  older 
stands. 

Though  not  readily  apparent  in  current 
photos,    dead    trees    are    numerous    in 


lodgepole  stands  below  9,000  ft 
(2  744  m).  Most  were  killed  in  the  1950's 
and  1960's  by  the  nnountain  pine  beetle. 
This  epidennic  has  largely  run  its  course, 
but  localized  endemic  infestations  occur 
annually.  At  the  height  of  the  epidennic,  a 
nnassive  though  largely  unsuccessful  at- 
tennpt  was  made  to  control  the  beetle  by 
spraying  infested  trees  from  the  ground 
with  the  pesticide  ethylene  dibromide  in 
a  diesel  carrier.  In  some  areas,  the  in- 
festation rate  was  slowed  sufficiently  to 
allow  harvest  of  infested  trees  before  ex- 
cessive deforestation  took  place.  Re- 
search by  Roe  and  Amman  (1970)  and 
observations  during  this  study  indicated 
that  mountain  pine  beetle  epidemics 
resulted  when  lodgepole  pine  simul- 
taneously became  susceptible  over  wide 
areas.  Epidemic  infestations  largely  de- 
pend upon  the  presence  of  trees  10 
inches  (25  cm)  d.b.h.  and  larger,  with 
thick  phloem  (Amman  and  others  1977). 
Lodgepole  pine  regeneration  following 
fires  in  the  middle  and  latter  1800's  ap- 
parently formed  a  contiguous  food  base, 
which  allowed  widespread  proliferation 
of  the  beetle  by  the  late  1950's.  The 
mountain  pine  beetle,  a  food-limited  in- 
sect, may  not  have  been  able  to  spread 
as  extensively  prior  to  settlement 
because  of  a  fire-caused  mosaic  of 
younger  aged  trees,  which  confined  in- 
festations. 

Mountain  pine  beetles  also  attack 
whitebark  pine  at  high  elevations.  Af- 
fected trees  are  usually  more  than  150 
years  old  and  damage  is  restricted  to 
scattered  individual  trees  or  small 
groups  of  trees.  Older  trees  are  recurrent 
targets  and,  in  time,  most  succumb  to 
the  beetle.  In  pre-settlement  times,  fire 
inevitably  followed  the  accumulative 
buildup  of  fuels  and  new  trees 
regenerated. 

Conifers  are  subject  to  many  insects  and 
diseases,  but  the  only  other  insect 
presently  causing  conspicuous  damage 
in  the  study  area  is  the  western  spruce 
bud  worm  (Choristoneura  occidentalis).  This 
insect  prefers  new  foliage  of  Douglas-fir, 
subalpine  fir,  and  spruce.  Douglas-fir  has 
suffered  the  most  in  recent  years. 
Stands  approaching  100  years  old  have 
been  particularly  hard  hit  in  the  Jackson 
locality.  Defoliation  over  several  con- 
secutive years  prevents  seed  crops  and 


may   kill   trees,   particularly  those   less 
than  10  inches  (25  cm)  in  diameter. 


Aspen  and  Cottonwood 

The  photographic  record  shows  that 
young,  dense  stands  of  aspen  were  com- 
mon in  the  late  1800's  and  early  1900's. 
Brandegee  (1899)  observed  these  young 
stands  and  pointed  out  that  wildfires  had 
influenced  their  distribution.  Evidence  of 
past  fires  in  aspen  stands  can  be  seen 
today  in  the  form  of  charred  material  in 
the  soil,  burned  snags,  and  fire  scars. 
Research  has  shown  that  fire  stimulates 
aspen  regeneration  by  killing  parent 
stems  and  releasing  food  energy  to  root 
suckers  (Schier  1975).  Most  of  today's 
parent  aspen  stands  in  the  study  area 
regenerated  after  fire  and  coincident 
with  high  elk  numbers  (Gruell  and  Loope 
1974).  Houston  (1973)  arrived  at  a  similar 
interpretation  of  aspen-fire-ungulate 
browsing  relationships  in  the  northern 
part  of  Yellowstone  National  Park.  Ap- 
parently elk  browsing  was  not  heavy 
enough  to  suppress  profuse  suckering 
brought  on  by  these  early  fires.  It  ap- 
pears that  the  increased  production  of 
grasses,  forbs,  and  shrubs  following 
widespread  fires  buffered  the  browsing 
effects  of  ungulates  on  aspen.  Suc- 
cessful regeneration  of  aspen  following 
fires  might  have  also  coincided  with  a 
low  in  the  elk  population.  It  is  unlikely, 
however,  that  aspen  regeneration  follow- 
ing fire  always  coincided  with  low  elk 
numbers. 

With  some  exceptions,  aspen  stands  to- 
day, particularly  on  big  game  winter 
ranges,  are  either  mature  or  dete- 
riorating. Recurrent  browsing  has  sup- 
pressed suckers,  and  regeneration  dur- 
ing the  twentieth  century  has  been  poor. 
Such  deterioration  is  not  unique  to 
Jackson  Hole  (Schier  1975).  Some  aspen 
stands  in  Jackson  Hole  have  regen- 
erated without  fire.  Exceptions  are  the 
young  stands  on  the  1934  Fall  Creek- 
Munger  Mountain  and  Taylor  Creek- 
Mosquito  Creek  burns;  the  1919  Jack 
Creek  burn;  small  1930  and  1932  Spread 
Creek  burns;  and  localized  areas  where 
light  ungulate  browsing  has  allowed 
variable  aspen  regeneration  without  fire. 


Most  aspen  are  on  sites  where  they  are 
serai  to  conifers.  Aspen  were  donninant 
during  early  succession,  but  with  pass- 
ing of  time  and  a  reduction  in  fire  fre- 
quency they  have  been  replaced  by  con- 
ifers. Very  often  only  a  few  parent  trees 
of  a  once-flourishing  clone  remain. 
Aspen  regeneration  in  the  shade  of  con- 
ifers has  been  minimal  and  completely 
suppressed  by  browsing  where  ungu- 
lates are  numerous.  Aspen  also  occupy 
relatively  stable  fire  climax  sites  where 
they  apparently  have  predominated  for 
hundreds  or  possibly  thousands  of 
years.  On  these  sites,  periodic  fires  have 
rejuvenated  clones  and  kept  competing 
conifers  out.  Without  fire,  changes  have 
resulted  that  largely  depend  upon  the 
proximity  of  fire-intolerant  species. 
Where  aspen  stands  have  deteriorated 
and  conifers  are  close  by,  conifers  have 
progressively  invaded  aspen  stands. 

Chokecherry  and  serviceberry  are  replac- 
ing deteriorated  aspen  stands  on  more 
mesic  sites  (plates  63,  69).  These  shrubs 
are  reaching  maximum  growth  potential 
in  various  localities  near  Jackson,  along 
the  Snake  River  south  of  Jackson  and 
along  the  lower  Hoback  River  where 
browsing  is  less  intense.  They  also 
dominate  some  deteriorated  aspen 
stands  in  other  localities  like  Spread 
Creek,  but  heavy  ungulate  browsing  has 
suppressed  their  growth. 

Mountain  big  sagebrush  has  invaded 
many  aspen  stands  in  late  successional 
stages  on  xeric  sites.  Generally,  the  few 
aspen  suckers  in  these  stands  have  been 
suppressed  by  wild  ungulates.  In  some 
instances,  however,  light  ungulate 
browsing  has  allowed  aspen  to  out- 
compete  mountain  big  sagebrush  and 
regenerate  the  stands.  With  few  excep- 
tions, the  density  of  successful  aspen 
suckers  is  probably  well  below  that 
which  established  the  parent  stands. 
Considering  the  high  combustibility  and 
fuel  loading  characteristic  of  the  moun- 
tain big  sagebrush-aspen  community, 
wildfire  was  undoubtedly  the  dominant 
factor  perpetuating  aspen  in  presettle- 
ment  times. 

The  frequent  failure  of  deteriorating 
aspen  clones  to  regenerate  vegetatively 
by  root  suckers  was  investigated  in  Utah 
by  Schier  (1975).   Roots  of  some  dete- 


riorated clones  produced  relatively  few 
suckers,  while  roots  of  others  produced 
the  same  or  significantly  more  suckers 
than  healthy  clones.  These  suckers  may 
develop  into  trees,  but  they  are  more 
often  suppressed  by  hormones  produced 
by  the  parent  trees  (apical  dominance). 
Uniil  apical  dominance  is  broken  by  a 
major  disturbance  such  as  fire,  cutting, 
or  spraying  that  kills  the  parent  trees,  the 
stand  tends  to  deteriorate.  The  absence 
of  aspen  suckers  in  clones  where  parent 
trees  have  died  suggests  significant  loss 
of  a  viable  root  system  in  some  clones. 

Cottonwood  appear  to  be  declining  in 
most  stream-side  areas.  As  a  rule, 
stands  were  in  varying  stages  of  early 
succession  when  photographed  before 
and  after  the  turn  of  the  century.  Periodic 
wildfire  often  killed  competing  conifers 
and  stimulated  cottonwood  regenera- 
tion. Today,  Engelmann  and  blue  spruce 
are  the  primary  competing  conifers. 
Where  spruce  density  is  low,  cottonwood 
are  holding  their  own;  where  spruce  den- 
sity is  high,  cottonwood  are  dying  out 
(plate  74).  Cottonwood  has  regenerated 
successfully  on  some  depositional  areas 
(plate  61).  Growth  has  occurred  on 
favorable  sites  (plate  57). 

Willow 

Excepting  mountain  big  sagebrush, 
willows  are  the  most  widely  distributed 
shrubs  in  the  study  area.  Though  still 
plentiful,  willows  are  less  abundant  than 
they  once  were.  Current  distribution  and 
condition  of  these  important  shrubs 
varies  with  site  and  location.  Both  losses 
and  gains  in  willow  distribution  and  den- 
sity have  occurred  on  flood  plains. 
Losses  appear  to  result  from  heavy 
browsing,  moisture  deficiencies  re- 
sulting from  competing  vegetation, 
changes  in  the  soil  moisture  regime 
resulting  from  stream  channel  changes, 
pathogen  attacks,  and  lack  of  seedbed 
preparation  and  stimulation  by  fire. 
Patten  (1968)  and  Houston  (1976)  arrived 
at  similar  interpretations  in  Yellowstone 
Park.  Willows  lost  from  stream  channel 
changes  are  often  compensated  for  by 
establishment  of  new  shrubs  in  the 
sediments  of  old  channels  and  in  old 
beaver  ponds.  Willow  has  increased 
markedly  in  the  alluvial  sediments  at  the 
upper  ends  of  Lower  and  Upper  Slide 
Lakes. 


Prior  to  the  1930's,  willows  on  flood 
plains  were  large  and  their  growth  form 
had  not  been  materially  altered  by  the 
browsing  of  large  numbers  of  wintering 
elk.  Only  during  severe  weather  when 
deep  crusted  snow  made  preferred  her- 
baceous forage  unavailable  did  elk 
heavily  browse  willow  and  influence  its 
growth  form.  Old  timers  refer  to  these 
severe  periods  as  those  when  elk  were 
"willered  up."  During  intervening,  less 
severe  winters  lighter  browsing  permit- 
ted willow  to  accumulate  growth  and 
maintain  a  large  size.  Utilization  of 
willow  by  moose  was  light  during  this  era 
because  moose  numbers  were  extremely 
low.  By  the  late  1930's,  willow  on  the 
Gros  Ventre  River  flood  plain  showed  the 
accumulative  effects  of  browsing  which 
Olson  (1938,  unpubl.  ref.)  attributed  to 
elk. 


Several  photos  of  the  Gros  Ventre  winter 
range  show  a  marked  reduction  in  willow 
height  during  the  past  50  years.  The 
earlier,  taller  stature  of  willow  is  also 
currently  evidenced  by  the  greater  height 
of  dead  branches  protruding  above  living 
material.  Some  appreciation  of  former 
conditions  can  be  gained  by  viewing 
willow  within  the  Goosewing  exclosure 
which  has  been  largely  protected  from 
ungulate  browsing  since  1960  (fig.  1). 

The  reduction  in  size  of  willow  on  flood 
plains  is  attributed  primarily  to  moose, 
but  elk  and  cattle  have  also  contributed 
to  the  reduction.  Between  1957  and  1969 
winter  utilization,  as  determined  from 
measurement  of  tagged  branches,  varied 
from  47  to  98  percent.  Blister  canker 
(Cryptomyces  maxinms),  a  native  fungus. 
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Figure  I. -Goosewing  willow  exclosure  (fenced  in  I960),  February  6,  1969.  Compare  size  of  plants 
inside  exclosure  after  9  years  protection  with  those  outside,  which  have  been  browsed  yearly  for 
several  decades. 


has  girdled  older  willow  branches 
(Furniss  and  Krebill  1972),  but  its  in- 
fluence is  not  readily  apparent  when 
browsing  levels  are  low  because  new 
growth  quickly  replaces  the  old,  thereby 
screening  it  from  view.  This  is  evident  on 
flood  plains  east  of  Jackson  Lake  and  in 
the  Hoback  Basin  where  moose  brows- 
ing is  light.  On  the  Gros  Ventre  winter 
range  and  other  localities  where  brows- 
ing increased  dramatically  as  the  moose 
population  expanded,  new  growth  could 
not  replace  mature  branches  lost  to 
blister  canker.  Repeated  browsing  of  cur- 
rent growth  eventually  reduced  the  size 
of  willows.  Today,  willow  plants  heavily 
used  by  moose  on  flood  plains  largely 
consist  of  only  current  year's  growth; 
however,  this  growth  commonly  exceeds 
24  inches  (61  cm)  because  of  the  stimu- 
lating influence  of  browsing.  In  many 
localities  heavy  browsing  has  increased 
the  quality  as  well  as  total  amount  of 
available  forage,  since  the  current  year's 
growth  contains  less  lignin  and  more 
crude  protein  than  the  older  growth. 

Changes  in  willow  distribution  and  con- 
dition are  evident  also  on  canyon  bot- 
toms, benches,  and  mountain  slopes 
where  willows  are  associated  with 
springs,  seeps,  and  meadows.  The  loss 
of  willow  on  these  sites  tends  to  be 
greater  than  on  flood  plains  primarily 
because  of  less  available  soil  moisture. 
Photos  suggest  that  mountain  big 
sagebrush  and  conifers  are  strong  com- 
petitors on  these  areas.  Long-term  warm- 
ing of  the  climate  may  also  have  con- 
tributed to  the  reduction  in  willow.  The 
decline  of  willow  has  been  further  com- 
pounded by  pathogen  and  insect  at- 
tacks, browsing  by  native  ungulates,  late 
summer  and  fall  utilization  by  cattle,  and 
a  reduction  in  fire  frequency. 

Changes  in  the  appearance  of  willow  on 
high-elevation  mountain  meadows  and 
stream  courses  have  been  variable.  Both 
gains  and  losses  of  the  primary  species, 
Wolf's  willow,  seem  to  have  occurred.  I 
have  observed  that  Wolf's  willow  is  killed 
back  periodically  by  insects  or  patho- 
gens. In  Yellowstone  Park  the  beetle 
(Disconyc/w  pluiiiaaia)  killed  interior 
willow  (Houston  1976).  Losses  from 
ungulate  browsing  at  high  elevations  are 
not  likely  because  of  generally  light 
utilization;  however,  summer  utilization 


by  moose  and  cattle  has  suppressed 
growth  in  given  localities. 

Photographic  evidence,  charcoal,  and 
more  recent  burns  demonstrate  that 
willow  communities,  even  though  they 
occupy  wet  or  moist  sites,  were 
periodically  rejuvenated  by  wildfire. 
Scouler  willow  was  a  primary  species  af- 
fected. These  fires  usually  burned  under 
extremely  dry  conditions  in  the  late  sum- 
mer and  fall.  Burning  promotes 
sprouting,  temporarily  eliminates  com- 
petition and  allows  establishment  of 
new  plants  from  seed  (Lyon  1971). 

Mountain  Big  Sagebrush 

Of  six  species  and  subspecies  of  sage- 
brush in  the  study  area,  mountain  big 
sagebrush  is  by  far  the  most  common. 
All  references  to  sagebrush  refer  to  this 
subspecies  unless  otherwise  noted. 

The  photo  record  shows  that,  with  few 
exceptions,  sagebrush  density  was 
lower  in  earlier  years  than  it  is  today.  A 
nonsprouter,  sagebrush  is  readily  killed 
by  fire  (Blaisdell  1953).  Charcoal  in  the 
soil  and  burned  material  on  the  surface 
indicate  that  this  resulted  from  wildfires 
that  periodically  swept  sagebrush  com- 
munities. Wildfire  did  not  always  burn 
the  entire  landscape,  however.  Because 
of  discontinuous  fuels  and  other  factors, 
including  variations  in  fuel  moisture, 
slope,  and  topography,  some  areas  were 
left  unburned  at  times.  Such  areas  have 
changed  little  over  the  years  (plates  49, 
50  distance,  67,  82).  Some  sagebrush 
plants  are  now  more  than  130  years  old. 

Only  three  scenes  suggest  decreases  in 
sagebrush  (plates  2,  58,  79).  The  reduc- 
tion in  plate  2  may  have  been  caused  by 
a  lack  of  snow  cover  and  freezing,  or  the 
aroga  moth  {Arojia  wehsien),  an  insect 
that  commonly  kills  sagebrush  in  the 
West.  Losses  in  plate  79  apparently 
resulted  from  shading  brought  about  by 
growth  of  Douglas-fir.  The  demise  of 
sagebrush  in  plate  58  largely  resulted 
from  trampling  by  unnaturally  high  con- 
centrations of  elk  that  have  been  com- 
monplace on  feedgrounds  where  sage- 
brush cover  was  formerly  heavy. 

As  a  whole,  a  reduction  in  acres  burned 
has     allowed     sagebrush     to     increase 


markedly  in  distribution  and  density 
throughout  the  area.  Locally,  heavy  con- 
centrations of  cattle  along  driveways 
and  at  drift  fences  have  also  facilitated 
sagebrush  increase  (plates  37,  39,  62). 
The  increase  has  apparently  accelerated 
in  the  past  30  years  in  sonne  localities 
outside  cattle  allotments  (plate  68). 

Insight  into  the  rate  of  sagebrush  es- 
tablishment following  fire  is  provided  by 
several  photo  comparisons  where  the 
date  of  the  fire  has  been  reasonably 
established.  Plates  28,  30-31,  and  42  in- 
dicate only  a  few  sagebrush  plants  20-25 
years  after  burning.  Establishment  was 
even  slower  in  the  foreground  of  plates 
50  and  51,  which  apparently  burned  in 
1872. 

Sagebrush  returns  slowly  on  fine- 
textured  soils  with  good  potential  for 
production  of  herbaceous  species.  This 
is  demonstrated  on  a  September  6, 
1966,  burn  of  31  acres  (13  ha)  bordering 
the  Buffalo  Fork  River  where  density  of 
sagebrush  seedlings  was  low  10  years 
later.  Rapid  re-establishment  of  sage- 
brush seems  to  occur  on  sandy  or  gravel- 
ly soils  which  are  well  suited  for  suppor- 
ting sagebrush  but  have  a  poor  potential 
for  herbaceous  plants.  Maturing 
sagebrush  plants  were  dense  11  years 
after  a  wildfire  on  granitic  soils  along  the 
Sweetwater  River  outside  the  study  area. 

Fire  intensity  may  have  also  influenced 
the  rate  of  sagebrush  re-establishment. 
Seedlings  seemed  more  numerous  when 
only  40  to  60  percent  of  the  sagebrush 
was  killed  by  herbicides  (Johnson  1958). 
Cooler  spring  burns  may  cause  a  similar 
response  because  abundant  seed 
sources  remain  from  unburned  sage- 
brush plants.  In  the  sagebrush  type, 
wildfires  that  burn  under  extreme  condi- 
tions destroy  sagebrush  plants  and 
aerial  seed  sources  over  considerable 
areas.  Mueggler  (1956)  found  that 
sagebrush  seedling  establishment 
following  fire  came  from  both  aerial 
sources  and  viable  seeds  in  the  soil. 
Seedling  establishment  on  the  Break- 
neck Ridge  burn  of  August  29,  1974,  in 
the  Gros  Ventre  River  drainage  indicate 
germination  from  residual  seeds,  since 
new  seedlings  are  several  hundred  yards 
from  the  closest  living  sagebrush  plants. 
Fall  burning  in  Idaho  resulted  in  about 


one-tenth  the  sagebrush  plant  density  on 
burned  compared  to  unburned  range 
after  11  years.  Most  sagebrush  seedlings 
became  established  the  first  year  or  two 
after  burning  before  the  grass  stand 
thickened  (Pechanec  and  others  1954). 

The  marked  increase  in  sagebrush  densi- 
ty throughout  the  study  area  has  been 
accompanied  by  a  decline  of  herbaceous 
species  and  deciduous  shrubs.  Past 
wildfires  were  instrumental  in  converting 
the  sagebrush  biomass  into  herbaceous 
plants  and  deciduous  shrubs.  Early 
photographs  show  good  herbaceous 
cover  on  sites  now  dominated  by 
sagebrush. 

On  the  Snake  River  plains  of  Idaho, 
Pechanec  and  others  (1954)  found  that 
perennial  grasses  and  weeds  (forbs)  in- 
creased about  90  percent  four  years 
after  late  summer  burning,  and  after  15 
years  production  was  still  33  percent 
above  unburned  range.  Availability  of 
herbaceous  plants  was  greatly  improved 
for  livestock  by  the  almost  complete 
removal  of  sagebrush.  Undesirable  ef- 
fects were  the  loss  of  one-half  to  two- 
thirds  of  the  bitterbrush  plants.  Idaho 
fescue  had  not  fully  recovered  after  11 
years,  while  bitterbrush  took  9  years  to 
regain  losses. 

Observations  of  responses  following  a 
wildfire  in  the  fall  of  1966  immediately 
adjacent  to  plates  11  and  12  suggest  that 
herbaceous  production  increased  well 
above  pre-burn  levels  4  years  after  in- 
tense burning. 

Lupine,  checkermallow,  pigweed,  golden 
corydalis,  fireweed,  and  lesser  amounts 
of  both  pioneer  and  climax  species 
predominated  the  first  year  after  the 
1974  Breakneck  Ridge  burn  in  the  Gros 
Ventre  River  drainage.  Vegetal  produc- 
tion was  markedly  greater  the  second 
year  after  the  burn  due  to  the  excep- 
tional vigor  and  increased  density  of 
perennial  grasses  and  forbs.  Increased 
production  apparently  resulted  from  in- 
creases in  available  soil  moisture  and 
soil  nutrients  no  longer  utilized  by 
sagebrush.  Of  particular  importance  is 
an  expected  increase  in  available 
nitrogen  through  microbial  decomposi- 
tion of  the  large  volume  of  dead  roots  left 
after   the   fire.   Complex   organic   com- 


pounds  of  nitrogen  are  converted  to  sim- 
ple inorganic  compounds  that  are 
available  to  hiighier  plants.  Accruals  of 
available  nitrogen  can  also  be  expected 
from  nitrogen-fixing  plants  suchi  as 
lupine,  which  often  proliferates  the  first 
few  years  following  a  fire. 

Third-year  vegetative  response  on  the 
Breakneck  Ridge  burn  and  a  comparable 
1974  prescribed  burn  on  Burro  Hill  show- 
ed a  continued  increase  in  production, 
especially  perennial  grasses.  Although 
poor  spring  moisture  restricted  optimum 
growth,  total  herbage  was  up  because  of 
accurnulative  plant  growth  and  estab- 
lishment of  new  plants. 

Other  Shrubs 

Nearly  all  of  the  other  shrubs  found  in 
the  study  area  have  the  ability  to 
regenerate  vegetatively.  Past  attention 
has  been  directed  almost  entirely  to  four 
palatable  species  on  ungulate  winter 
ranges:  serviceberry,  chokecherry,  bitter- 
brush,  and  rubber  rabbitbrush.  All  are  im- 
portant forage  plants.  Centers  of 
greatest  use  have  been  the  lower  Buffalo 
Fork  River,  in  the  Spread  Creek  vicinity, 
along  the  Gros  Ventre  River  near 
Jackson,  along  the  Snake  River  and 
Hoback  River. 

Photo  comparisons  on  the  Gros  Ventre 
drainage  show  that  serviceberry,  choke- 
cherry,  and  bitterbrush  distribution  has 
been  extremely  localized  since  settle- 
ment. Best  development  was  and  still  is 
on  the  lower  6  miles  of  the  river  above 
the  Forest  boundary  where  the  rocky 
soils  are  suited  for  supporting  these 
species.  Occurrence  of  chokecherry  and 
serviceberry  above  this  point  is 
restricted  to  localized  snowbank 
microsites  and  aspen  communities.  Bit- 
terbrush occupies  a  few  ridges  and  east- 
facing  slopes.  All  three  species  usually 
have  a  hedged  appearance  due  to  persis- 
tent winter  browsing.  Growth  has  occur- 
red on  some  sites  where  winter  foraging 
by  ungulates  has  declined  (plate  28). 

Rubber  rabbitbrush  is  the  only  palatable 
shrub  that  is  abundant  on  the  Gros 
Ventre  winter  range.  It  is  well  adapted  to 
the  drier  environments  of  the  Gros 
Ventre  region  where  it  persists  despite 
yearly  removal  of  75  to  95  percent  of  the 


current  growth  by  elk.  A  prolific  seeder, 
rubber  rabbitbrush  has  become 
established  on  disturbed  sites  and  has 
proliferated  in  areas  burned  or  sprayed 
with  the  herbicide  2,4-D. 

Chokecherry,  serviceberry,  and  bitter- 
brush  are  more  uniformly  distributed  on 
the  Hoback  winter  range.  Soils  contain  a 
high  percentage  of  weathered  shale  over 
much  of  the  area,  and  available  soil 
moisture  is  good  for  the  growth  of  these 
shrubs.  Rubber  rabbitbrush  is  also  well 
represented  throughout  the  area.  The 
condition  and  trend  of  these  shrubs  are 
variable  on  the  Hoback  Range.  In  some 
localities,  such  as  the  Gilcrease  site 
(plates  68,  69),  and  on  the  bench  above 
the  highway  about  0.5  mile  to  the 
southeast  (plate  70),  shrubs  have  grown 
considerably  in  recent  years.  In  the  latter 
area,  evidence  of  formerly  hedged 
crowns  are  still  exhibited  by  the  dead 
branches  within  the  shrub  canopies.  The 
change  in  growth  form  has  largely 
resulted  from  reduced  winter  utilization 
by  elk.  Since  1960,  the  elk  in  this  area 
have  shifted  from  foraging  on  traditional 
winter  ranges  to  depending  primarily  on 
feedgrounds  operated  by  the  Wyoming 
Game  and  Fish  Commission.  Elk  use  still 
occurs  during  open  winters  and  in 
spring,  but  at  levels  well  below  those  of 
former  years  when  large  numbers  of  elk 
free-ranged  in  this  locality.  Increased 
vehicle  traffic  over  the  years  has  also 
discouraged  elk  from  frequenting  some 
localities  close  to  State  Highway 
187-189.  This  has  resulted  in  reduced 
utilization  and  increased  growth  of 
shrubs  (plate  71).  Snow  machine  distur- 
bance of  elk  has  reduced  utilization  in 
other  localities  including  the  Gros 
Ventre  River  and  its  tributaries. 

Utilization  of  palatable  shrubs  has  been 
heavier  on  wind-blown  ridges,  south 
slopes,  and  near  elk  feedgrounds  where 
concentrated  use  over  many  years  has 
suppressed  growth  and  maintained  a 
hedged  growth  form.  Some  observers 
believe  that  hedged  shrubs  resulted  from 
increased  elk  utilization  brought  on  by 
the  feeding  program,  but  early  photo- 
graphs and  reports  clearly  demonstrate 
that  shrubs  were  uniformly  hedged  from 
the  turn  of  the  century  through  the 
1950's.  For  example,  at  the  Camp  Creek 
exclosure  0.75  mile  from  the  Camp  Creek 


elk  feedground,  serviceberry,  and  bitter- 
brush  were  closely  browsed  in  1939  and 
1942  before  the  annual  feeding  that 
began  in  1960  (plates  72,  73).  Shrubs  out- 
side the  exclosure  continued  to  be  close- 
ly browsed  and  hedged  in  1968.  Lacking 
historical  perspective,  some  in- 
vestigators have  concluded  that  the 
robust  shrubs  inside  the  exclosure  repre- 
sent the  natural  appearance  of  the  shrub 
connmunity  prior  to  the  establishment  of 
the  feedground.  However,  the  exclosure 
merely  demonstrates  the  potential  for 
shrub  growth  on  similar  sites  if  ungulate 
browsing  is  excluded.  A  suppressed 
growth  form  from  persistent  browsing 
was  the  historical  norm  and  will  continue 
to  be  as  long  as  elk  and  deer  use  the 
area. 

Depending  upon  ungulate  distribution, 
shrub  condition  on  other  wintering  areas 
varies  from  robust  growth  comparable  to 
the  Gilcrease  area  to  closely  utilized 
plants  like  those  outside  the  Camp  Creek 
exclosure.  Accumulative  growth  has  oc- 
curred where  elk  have  been  drawn  away 
to  feedgrounds.  Near  feedgrounds,  and 
where  ungulates  continue  to  have  ac- 
cess to  the  range,  shrubs  are  closely 
hedged. 

Palatable  shrubs  are  periodically  defoli- 
ated by  the  Great  Basin  tent  caterpiller 
(Malacosoma  fragile).  Bitterbrush  is  par- 
ticularly affected.  Usually  only  part  of 
the  crown  is  defoliated,  and  killed  por- 
tions are  eventually  replaced  by  new 
growth.  Less  vigorous  plants  may  die  if 
heavy  defoliation  occurs  during  several 
consecutive  years. 

Shrub  tolerance  to  various  levels  of 
defoliation  was  demonstrated  in  a 
12-year  study  in  Colorado  (Shepard 
1971).  Clipping  40  to  60  percent  of  the 
current  annual  growth  between  July  15 
and  September  15  stimulated  service- 
berry,  and  no  serviceberry  plants  died 
regardless  of  the  severity  of  treatment 
(up  to  100  percent)  when  clipped  during 
this  period.  Clipping  bitterbrush  at  a  60 
percent  level  during  the  same  time 
period  produced  more  dead  material 
than  clips  of  20  and  40  percent.  Plants 
clipped  60  percent  were  also  less 
vigorous  and  had  fewer  leaves  and 
stems,  making  the  foliage  less  dense. 


After  10  years  of  the  100  percent  clip,  bit- 
terbrush plants  had  lost  much  foliage, 
stem  density  was  reduced,  and  many 
stems  were  dead.  This  study  demon- 
strated the  high  tolerance  of  ser- 
viceberry and  bitterbrush  to  defoliation 
even  during  early  summer  when  growth 
is  still  occurring,  but  the  study  did  not 
simulate  the  effects  of  heavy  browsing 
by  wild  ungulates,  which  usually  occurs 
during  the  winter  when  shrubs  are  dor- 
mant. 

Recent  research  has  shown  why  shrubs 
have  a  high  tolerance  for  defoliation. 
McConnell  and  Garrison  (1966)  found 
that  nonstructural  carbohydrates  (food 
reserves)  of  bitterbrush  were  lowest  in 
late  June  and  early  July  and  highest  in 
mid-November.  In  Shepherd's  Colorado 
study,  replenishment  of  food  reserves 
coincided  with  defoliation  treatment. 
This  allowed  plants  to  maintain  enough 
vigor  to  survive  extreme  defoliation, 
though  they  were  in  a  deteriorated  condi- 
tion. Hormay  (1970)  points  out  that  some 
food  reserves  are  used  to  nourish  shrubs 
during  winter  dormancy  and  to  start 
growth  in  the  spring.  Food  reserves  are 
highest  during  the  winter. 

Garrison  (1972)  reviewed  research  on 
shrub  physiology  and  arrived  at  what  he 
termed  a  new  and  important  conclusion: 

...although  trees  store  most  of 
their  carbohydrate  above 
ground,  the  preponderance  of 
carbohydrate  storage  in  true 
shrubs  seems  to  be  in  the 
rather  small  diameter  portions 
of  the  roots  and  secondly  in  the 
old  heavy  materials  of  the  tops. 
Browsing  generally  removes  on- 
ly the  young  portions  of  the 
crown  and  not  the  major  car- 
bohydrate storage  areas  of  the 
shrub.  This  may  in  part  account 
for  the  remarkable  tolerance  of 
many  rangeland  shrubs  to 
foraging  by  big  game  and 
livestock. 

The  perpetuation  of  palatable  shrubs  on 
winter  ranges  in  Jackson  Hole  is  primari- 
ly by  vegetative  means.  New  plants  of 
species  discussed  in  this  section 
become     established     either     from 


branches  or  suckers  produced  by  parent 
plants.  Prostrate  bitterbrush  branches 
can  root  after  contacting  the  soil. 
Chances  for  such  rooting  are  enhanced 
on  steep  slopes  by  soil  nnovement  caus- 
ed by  ungulates.  Rooted  branches 
sometimes  result  in  new  plants  when  the 
branch  from  the  parent  plant  dies.  The 
larger  crowns  of  bitterbrush  plants  ap- 
parent in  plates  68  and  69  resulted  from 
continued  vegetative  regeneration. 

Characteristically,  both  chokecherry  and 
serviceberry  have  increased  their  crown 
area  by  producing  numerous  basal 
suckers  and  by  new  stems  developed 
from  lateral  roots.  Very  often  the  height 
of  these  plants  is  suppressed  by  recur- 
rent browsing.  Perpetuation  of  rubber 
rabbitbrush  is  assured  by  seed  and 
vegetative  means. 

Regeneration  of  sprouting  shrubs  on 
presettlement  Jackson  Hole  winter 
ranges  was  apparently  influenced  by 
widely  spaced  wildfires  which 
stimulated  new  growth  and  allowed 
establishment  of  seedlings.  Observa- 
tions on  recent  burns  indicate  that  some 
sprouting  shrubs  were  killed  where  heat 
was  intense,  but  most  were  only  tem- 
porarily set  back.  The  intense  heat 
generated  by  late  summer  and  fall  burns 
concerns  some  range  managers.  Fire  of 
this  intensity  not  only  removes 
sagebrush,  but  also  kills  herbaceous 
plants  and  some  desirable  sprouting 
shrubs.  Although  this  process  seems 
harsh,  it  has  been  repeated  over  the  cen- 
turies to  the  long-term  benefit  of  the 
blotic  community.  Less  palatable 
species,  including  bush  cinquefoil,  are 
set  back  or  killed,  thereby  making  room 
for  the  establishment  of  more  desirable 
species.  Many  of  these  reproduce  by 
rhizomes,  which  allow  them  to  rapidly  in- 
vade unoccupied  sites.  A  literature 
review  by  Wright  (1972)  showed  that  after 
10  years  very  few  shrubs  showed  any 
harmful  effects  from  fire.  VogI  (1965) 
noted  that  burns  on  savannahs  increase 
the  production  as  well  as  the  palatability 
of  shrubs. 

The  opportunity  to  interpret  the  in- 
fluence of  a  fire  on  a  Jackson  Hole  shrub 
community  was  afforded  by  a  1952  fall 
burn  of  about  12  acres  (2.45  ha)  near  the 
Bryan    Flat    Ranger    Station,    in    1970, 


biomass  and  vigor  of  serviceberry, 
chokecherry,  and  bitterbrush  within  this 
burn  was  considerably  above  those 
plants  outside  the  burn.  Some  bitter- 
brush plants  which  contained  con- 
siderable dead  material  died  following 
the  1952  burn.  Phillips  (1970  unpubl.  ref.) 
concluded  from  studies  of  burns  in  Idaho 
that  more  bitterbrush  has  been  lost  from 
fire  than  any  other  cause.  Some  of  the 
Idaho  fires  occurred  in  spring  when  plant 
food  reserves  were  low.  Sprouting  was 
less  (15  percent)  following  light  spring 
burns  than  after  fall  burns  (41  percent) 
when  food  storage  was  better.  Based  on 
a  literature  review,  Wright  and  others 
(1979)  concluded  that  fall  burning  was 
more  detrimental  to  decumbent  antelope 
bitterbrush  than  spring  burning. 
Pechanec  and  others  (1954)  found  that 
on  the  Snake  River  plains  in  Idaho,  bitter- 
brush required  9  years  to  recover  after  a 
fall  burn. 

Shrubs  in  forest  communities  have 
deteriorated  greatly  because  widespread 
succession  toward  closed-canopy  conif- 
erous forest  has  reduced  sunlight  and 
growing  space  needed  by  serai  shrubs. 
These  shrubs  have  become  senescent, 
many  have  died,  and  those  remaining  are 
being  replaced  by  shade-tolerant 
species  such  as  grouse  whortleberry, 
highbush  huckleberry,  and  shinyleaf 
spiraea.  The  decrease  in  density  of 
palatable  shrubs  with  succession  to 
forests  has  increased  browsing  pressure 
on  those  remaining,  which  often  have 
less  forage  quality. 

Before  the  appearance  of  European  man, 
wildfire  was  the  principal  agent  for  re- 
juvenating serai  shrub  communities.  Re- 
current fires  over  the  centuries  created  a 
mosaic  of  variable-aged  burns  where 
shrubs  persisted  until  shaded  out  by 
conifers.  A  revealing  example  is  pictured 
in  plate  76  where  the  influence  of  an  1871 
wildfire  in  Douglas-fir  was  still  evidenced 
in  1920  by  the  predominance  of  shrubs. 
In  Douglas-fir  habitat  types  of  the  Inter- 
mountain  region,  fires  favor  shrubs,  and 
they  may  dominate  serai  communities 
for  20  to  50  years  (Mueggler  1965;  Lyon 
1969).  Shrub  responses  following  burn- 
ing of  lodgepole  pine  and  spruce-fir  com- 
munities vary  by  habitat  type.  Shrubs 
enhanced   by  fire   include  chokecherry. 


serviceberry,  snowberry,  Rocky  Moun- 
tain nnaple,  currant,  russet  buffaloberry, 
alder,  bog  birch,  elderberry,  bearberry 
honeysuckle,  thimbleberry,  Scouler 
willow,  and  snowbrush  ceanothus. 

The  absence  of  fire  can  be  particularly 
detrimental  to  Scouler  willow,  a  large 
treelike  shrub  that  affords  nesting 
habitat  for  birds  and  forage  for  ungu- 
lates. This  willow  species  is  especially 
abundant  after  burning  (Mueggler  1965; 
Leege  1969).  Today  in  the  Jackson  Hole 
region  it  is  largely  restricted  to  a  few 
areas  that  were  burned  in  1919  and  1934 
or  to  forest  openings  where  overstory 
connpetition  is  minimal.  Only  remnant 
and  dead  shrubs  occur  where  forest  suc- 
cession has  progressed  (fig.  2). 


The  absence  of  fire  from  coniferous 
forest  has  perhaps  had  the  most  far- 
reaching  effect  on  snowbrush 
ceanothus.  Today,  it  is  restricted  to  rem- 
nant stands  and  isolated  plants  within 
and  on  the  margins  of  forest  communi- 
ties. Where  still  found,  it  is  quite  impor- 
tant to  the  diet  of  wild  ungulates  and  fur- 
nishes cover  and  forage  for  small  mam- 
mals and  birds.  Snowbrush  ceanothus 
comprised  much  of  the  plant  cover 
following  the  early  fires  pictured  in 
plates  78  and  80,  but  today  most  plants 
are  dead.  Those  still  alive  have  only  a 
fraction  of  their  former  canopy  and  are 
closely  browsed.  Brandegee  (1899)  com- 
mented that  in  1897  snowbrush 
ceanothus  was  at  times  conspicuous  on 
areas  burned  several  years  previously. 


Figure  2. —Advanced  succession  in  spruce-fir  forest.  May  22,  1969.  Note  remnant  living  and  dead 
willows. 
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Snowbrush  ceanothus  seeds  are  virtual- 
ly indestructible,  lying  in  the  soil  for  long 
periods  (Schmautz  1970).  Dornnancy  is 
broken  by  heat  in  excess  of  140°  followed 
by  a  cold  period.  Germination  often 
results  in  a  profusion  of  new  plants 
where  none  were  previously  apparent. 
Gratkowski  (1962)  found  102,500  seeds 
per  acre  (253,175  seeds  per  ha)  in  mineral 
soil,  and  he  estimated  that  germination 
of  only  436  seeds  per  acre  (1,077  seeds 
per  ha)  would  produce  a  complete  cover 
of  mature  ceanothus.  Nitrogen-fixing 
symbiotic  root  nodules  on  snowbrush 
ceanothus  aid  ponderosa  pine  reproduc- 
tion (Wahlenburg  1930).  The  develop- 
ment of  new  ceanothus  plants  following 
fire  conceivably  facilitates  the  growth 
and  development  of  other  species. 

Half-Shrubs  and  Herbaceous 
Vegetation  on  Winter  Ranges 

The  condition  of  half-shrubs,  including 
Douglas  rabbitbrush,  winterfat,  fringed 
sagebrush,  and  herbaceous  species 
growing  on  ridge  tops  and  south-  and 
west-facing  slopes  have  historically  con- 
cerned resource  managers.  These  sites 
are  most  prevalent  in  the  Gros  Ventre 
River  drainage.  Typical  species  besides 
the  half-shrubs  include  several  perennial 
grasses.  Hoods  phlox,  pussytoes, 
eriogonum,  and  a  mat  locoweed.  Inter- 
pretations of  plant  condition  and  trend 
on  these  sites  have  varied  and  have  been 
complicated  by  yearly  elk  use.  Graves 
and  Nelson  (1919)  reported:  "The  condi- 
tion of  the  winter  feed  on  the  slopes  and 
ridges  here  constituting  the  winter  range 
is  excellent  and  should  improve  year  by 
year."  Two  years  later.  Forest  Service 
range  inspectors  J.  W.  Nelson  and  C.  N. 
Woods  differed  in  their  interpretations 
during  a  joint  inspection.  Nelson  believ- 
ed that  the  exposed  south  slopes  and 
wind-blown  ridges,  Vi/here  vegetation  was 
sparse,  had  been  so  intensively  used  by 
elk  that  they  had  become  overgrazed  and 
denuded.  Woods  concluded  that  little,  if 
any,  deterioration  had  occurred  because 
the  soil  was  inherently  very  poor  and 
shallow  on  most  of  these  areas.  Olson 
(1938)  believed  that  early  spring  grazing 
had  depleted  vegetation  on  harsh  sites 
on  the  Gros  Ventre  winter  range.  Others 
making  up  the  interagency  team  accom- 
panying Olson  disagreed.  One  was  Olas 
Murie,  who   later  wrote  that   "the   land 


simply  did  not  produce  voluminously  and 
probably  would  not  even  with  an 
absence  of  grazing"  (Murie  1943,  unpubl. 
ref.).  Another  member  of  the  team  believ- 
ed that  the  condition  of  windswept 
ridges  was  no  better  or  worse  than  15 
years  earlier.  Disagreement  on  the  ex- 
tent that  elk  had  contributed  to  the  con- 
dition of  sparsely  vegetated  sites  led  to 
construction  of  exclosures  and  installa- 
tion of  line  intercept  transects  to 
measure  range  trend. 

Heavy  utilization  of  forage  on  the  Gros 
Ventre  winter  range  by  elk  has  been 
documented  over  the  years  (Olson  1938, 
unpubl.  ref.;  Baird  1958,  unpubl.  ref.; 
Buechner  1960;  Smith  1961).  Most  in- 
vestigators concluded  that  this  heavy 
use  had  been  detrimental  and  had  con- 
tributed to  range  deterioration. 
Pedestalled  plants,  dead  plant  seg- 
ments, hedged  shrubs,  rill  erosion,  and 
erosion  pavement  listed  as  indicators  of 
deterioration  (Ellison  and  others  1951) 
are  all  evident. 

Heavy  winter  utilization  of  grasses  and 
half-shrubs  (Douglas  rabbitbrush,  winter- 
fat,  and  fringed  sagebrush)  continues  on 
ridges  and  south-  and  west-facing  slopes 
near  feedgrounds  (plates  49-51,  55,  58). 
Forage  on  these  sites  is  usually  consum- 
ed early  in  the  winter.  Winter  utilization 
by  elk  thereafter  is  minimal,  except  for 
localized  trailing  to  and  from  feed- 
grounds.  Pellet  group  counts,  which  in- 
cluded spring  foraging  in  the  vicinity  of 
Coal  Mine  Draw  (plate  50)  from  1969  to  71 
showed  that  southerly  aspects  received 
the  lightest  use  of  all  aspects  sampled. 
Over  the  3-year  period,  two  transects  on 
southerly  aspects  averaged  23  elk-days- 
use/acre  (57  per  ha)  (EDU/A)  compared  to 
47  EDU/A  (117  per  ha)  on  the  more  pro- 
ductive swales  and  toe  slopes  and  44 
EDU/A  (109  per  ha)  on  a  ridge.  Much  of 
the  use  on  the  ridge  reflected  bedding 
and  trailing  to  and  from  the  feedground. 

Winter  utilization  measurements  of 
bluebunch  wheatgrass  on  eight 
transects  on  more  productive  sites  in- 
dicated that  86,  98,  and  81  percent  of  the 
plants  were  grazed  in  1966,  1967,  and 
1968,  respectively,  using  methods  de- 
scribed by  Cole  (1963).  Utilization  of  half- 
shrubs  was  not  measured,  but  virtually 
all  current  growth  is  browsed  yearly. 
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Where  elk  range  freely  a  mile  or  more 
from  feedgrounds,  utilization  levels  con- 
tinue to  be  heavy  on  localized  sites. 
Hov^/ever,  winter  utilization  of  forage  on 
the  Gros  Ventre  drainage  generally  has 
declined  over  the  past  50  years  (plates 
28-30,  34-36,  38-41,  44-45,  59-60).  This 
trend  has  been  strongly  influenced  by 
the  elk  feeding  program  and  human  dis- 
turbance, particularly  near  the  Gros 
Ventre  road,  v\/hich  is  traversed  both  by 
wheeled  vehicles  and  by  snow  machines. 
An  overriding  factor  behind  reduced 
levels  of  elk  use  on  areas  one  or  more 
miles  from  feedgrounds  is  the  reduction 
of  the  wintering  elk  herd  over  the  past  50 
years.  The  peak  elk  population  during  the 
past  50  years  may  have  been  in  1925 
when  9,128  were  counted  on  the  Gros 
Ventre  drainage.  The  high  during  the 
past  11  years  was  apparently  in  1969 
when  3,600  were  counted.  This  latter 
figure  is  somewhat  low,  since  it  did  not 
include  small  groups  of  free-ranging 
animals. 

The  photo  record  provides  convincing 
evidence  that  southerly  aspects  and 
ridges  have  supported  sparse  plant 
cover  for  at  least  75  years  (plates  29, 
38-39,  44-45,  49-51,  54),  long  before  winter 
feeding  of  elk  began.  These  photos  sug- 
gest little  change  in  plant  density.  Possi- 
ble changes  in  plant  composition  cannot 
be  determined,  but  sites  were  and  are 
dominated  by  native  perennial  species. 

Various  procedures  have  been  used  to 
measure  the  condition  and  trend  of  the 
more  harsh  sites  on  the  Gros  Ventre 
winter  range  and  those  east  of  the 
National  Elk  Refuge.  These  studies  are 
summarized  and  discussed  in  appen- 
dix IV.  Information  developed  from 
these  studies  is  inconclusive,  but  sug- 
gests a  static  condition  or  slight  im- 
provement in  vegetation  and  litter. 

In  the  360-acre  (146-ha)  Upper  Slide  Lake 
soil  and  watershed  exclosure,  which  in- 
cludes aspects  typical  of  the  Gros 
Ventre  winter  range,  Olson  (1961,  unpubl. 
ref.)  found  that  soil  productivity  potential 
was  very  poor  to  poor  on  49  percent  of 
the  area  and  poor  to  fair  on  17  percent. 
Recent  soil  surveys  on  other  portions  of 
the  Gros  Ventre  winter  range  have 
demonstrated  that  sites  supporting  low- 
density    plant    cover    are    underlain    by 


shallow,  immature  soils  with  limited 
potential  for  producing  vegetation 
(B.  Glenn  1977,  personal  communica- 
tion). Droughty  conditions  prevail 
because  of  low  precipitation,  shallow 
soils,  north  dipping  ledges,  persistent 
westerly  winds,  and  direct  exposure  to 
the  sun.  Thornton  (1969,  unpubl.  ref.) 
found  a  dense,  dry  soil  layer,  which  acts 
as  a  barrier  to  root  penetration  about  15 
inches  (38  cm)  below  the  surface  on 
some  sandy  clay-loam  soils  within  the 
Upper  Slide  Lake  exclosure.  On  sandy 
soils,  site  potential  is  further  restricted 
by  the  inability  of  these  soils  to  retain 
moisture  (plates  45,  54).  Sandy  soils  re- 
tain very  little  moisture  in  the  root  zone, 
whereas  soils  with  more  clay  retain 
larger  amounts  of  water  (Taylor  1964). 

The  persistence  of  grasses  on  harsh 
sites  despite  habitual  grazing  by  elk  and 
other  wild  ungulates  can  be  explained  by 
considering  grass  physiology.  Mcllvanie 
(1942)  found  that  food  reserves  stored  in 
the  root  system  of  bluebunch  wheat- 
grass  are  reduced  to  40  percent  of  max- 
imum by  fall  regrowth  and  remain  at  this 
level  during  the  dormant  spring  period 
prior  to  greenup.  Cured  stems  and  leaves 
can  be  removed  during  dormancy  with- 
out harming  the  plant  appreciably 
because  aerial  portions  have  little  in- 
fluence on  maintenance  of  life  pro- 
cesses after  grasses  cure.  The  plant 
draws  upon  its  root  reserves  to  initiate 
spring  growth;  at  a  4-inch  (10-cm)  height 
food  reserves  have  been  reduced  to  30 
percent  by  the  regrowth  process.  Graz- 
ing at  this  growth  stage  does  not 
damage  the  plant  as  long  as  it  is  allowed 
an  opportunity  for  subsequent  regrowth. 
The  most  critical  stage  for  grazing  is  at  a 
7-inch  (18-cm)  height  or  at  the  boot  stage 
when  food  reserves  are  down  to  12  per- 
cent. 

The  development  and  storage  of  food 
reserves  is  essentially  the  same  for  all 
herbaceous  species.  Wasser  and  others 
(1957)  pointed  out  that  "the  effects  of 
grazing  are  not  necessarily  damaging, 
either  to  vegetation  or  soil.  Grazing  has  a 
stimulating  effect  on  growth  under  cer- 
tain conditions  and,  as  a  general  rule,  if 
grazed  plants  are  given  an  opportunity  to 
make  regrowth,  foliage  removal  is  not  in- 
jurious." 
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My  studies  of  the  ptienological  develop- 
ment of  hierbaceous  plants  as  related  to 
elk  use  indicated  thiat  initial  growthi  on 
the  warmest  sites  occurred  during  the 
first  2  weeks  of  April  in  1969,  1970,  and 
1973.  New  growth  had  not  yet  started  on 
cool  exposures,  and  snow  occupied 
localized  sites.  During  this  period,  leaf 
length  of  bluebunch  wheatgrass  was  1  to 
2  inches  (2.5-5  cm)  and  grazing  was  light. 
Elk  were  dependent  on  supplemental 
feed  or  cured  forage  picked  up  while 
grazing  on  open  range.  By  the  first  2 
weeks  in  May,  leaf  length  of  bluebunch 
wheatgrass  on  warm  sites  was  3  to  6 
inches  (7.5  to  15  cm)  and  elk  had  fed  on 
the  new  growth.  Utilization  levels  vary 
highly  at  this  time,  depending  on  elk 
dispersal.  Sites  east  of  the  National  Elk 
Refuge  and  on  the  Gros  Ventre  drainage 
had  anywhere  from  a  few  to  as  many  as 
70  percent  or  more  plants  grazed.  By  late 
May  or  early  June  when  grasses  on  the 
warmest  sites  enter  a  growth  stage  when 
grazing  could  be  harmful,  elk  utilization 
became  minimal.  By  then  the  elk  were 
well  dispersed  and  seeking  new  plant 
growth  at  higher  elevations  or  on  later 
developing  sites.  This  reduces  use  of 
plants  on  early  developing  sites,  which 


have  reached  a  critical  growth  stage. 
New  growth  appeared  to  be  preferred 
over  more  advanced  growth  because  of 
the  higher  protein  content. 

As  with  true  shrubs,  food  storage  for 
spring  growth  in  half  shrubs  is  in  the 
roots  and  older  branches.  Elk  foraging 
usually  removes  only  the  current  growth, 
thereby  not  appreciably  affecting  the 
carbohydrate  reserves.  Donart  and  Cook 
(1970)  found  that  Douglas  rabbitbrush 
could  be  browsed  without  damage  even 
during  the  critical  spring  period.  When 
this  species  was  clipped  90  percent  dur- 
ing the  period  of  lowest  root  reserves,  it 
could  restore  lost  reserves  by  the  time  20 
percent  of  the  anticipated  regrowth  had 
formed.  A  3x3  ft  (0.91x0.91  m)  quadrat  im- 
mediately below  exclosure  No.  3  in 
Sec.  3,  T41N.,  R115W.,  just  east  of  the 
National  Elk  Refuge  demonstrates  the 
ability  of  half-shrubs  to  sustain 
themselves.  Early  spring  photographs, 
taken  periodically,  show  that  all  current 
growth  of  winterfat  plants  has  been 
browsed  off  during  the  past  23  winters 
(fig.  3).  The  plants  recover  by  fall  and 
have  persisted  despite  such  heavy  yearly 
winter  browsing  (fig.  4). 
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May  10,  1968 

Figure  .?.--.4  3x3  ft  (0.91x0.9/  in)  quadrat  immediately  below  e.xclosure  No.  3,  showing  heavy  yearly 
browsing  of  winterfat.  Improved  ground  cover  in  1968  resulted  from  extremely  good  herbage  pro- 
duction in  1967. 
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Figure  4.-  U'interfat  quudrcil  below  cxclosurc  No.  3  ul  end  of  iirowiiiii  season  in  1954  and  1976.  Sole 
eonlrast  in  i^rowl/i.  May-June preeipilalion  was  3.63  inehes  (9.2  em)  in  1954  and 3. 91  inehes  (9. 9  em) 
in  1976.  Soinewhal  hiiiher  preeipilalion,  heller  limine,  and  warmer  lemperalures  in  1976  appear  lo 
have  conirihi/ied  lo  heller  i^rowih. 
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The  amount  and  timing  of  precipitation 
is  the  dominant  climatic  factor  affecting 
herbaceous  yields  on  these  semi-arid 
ranges  (Blaisdell  1958).  On  winter  ranges 
of  Jackson  Hole,  good  growth  requires 
sufficient  precipitation  during  May  and 
June  to  maintain  soil  moisture.  Temper- 
ature is  also  important  during  this 
period,  but  apparently  less  so  than 
precipitation.  Because  spring  precipita- 
tion varies  greatly  between  years,  so 
does  annual  plant  growth  (fig.  5). 


Wasser  and  others  (1957)  pointed  out 
that  on  certain  big  game  spring  ranges, 
trampling  was  far  more  damaging  to 
plants  than  the  amount  of  forage  utiliz- 
ed. Although  trampling  can  be  damag- 
ing, it  may  also  be  beneficial  by  covering 


seeds  and  thus  increasing  germination 
and  seedling  establishment.  Trampling 
may  also  help  perpetuate  grasses  that 
regenerate  from  root  stalks  by  breaking 
up  the  root  system  and  redistributing 
plant  segments.  As  noted  previously,  soil 
movement  from  trampling  can  aid  bitter- 
brush  regeneration.  Variable  trampling 
occurs  on  early  spring  ranges  in  the 
study  area  and  is  particularly  heavy 
close  to  feedgrounds.  Soil  compaction 
has  inhibited  plant  growth  on  habitually 
used  trails.  Trampling  is  by  no  means 
unique  to  feedgrounds,  but  has  been  an 
Inherent  characteristic  of  elk  use  on 
historic  Jackson  Hole  winter  ranges. 
Considering  the  decline  in  elk  numbers, 
trampling  intensity  has  probably  also 
declined  except  near  feedgrounds  where 
it  has  intensified. 
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Figure  5.--Conlrasls  in  yearly  growth  of  vejictation  outside  cxc/ostirc  No.  5  cast  of  Nutionul  I'.lk 
Refuse.  May-June precipilalion  was  6.16  inches  (15.6  cm)  in  1967 and  1.43  inches  (3.6  cm)  in  1969. 
The  area  had  been  seeded  in  1953. 
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Exclosures  permit  assessment  of  growth 
potential  of  half-shrubs  and  other  low- 
growing  herbaceous  vegetation  on 
winter  ranges.  The  area  outside  ex- 
closure  No.  3,  constructed  in  1952,  on  a 
west-  and  south-facing  slope  east  of  the 
National  Elk  Refuge  has  received  heavy 
utilization  because  it  is  adjacent  to  the 
Refuge  where  between  7,000  and  9,000 
elk  winter.  Close  inspection  of  the  better 
producing  west  slope  inside  the  ex- 
closure  shows  that  half-shrubs,  Hoods 
phlox,  pussytoes,  and  other  less  com- 
mon species  have  put  on  accumulative 
growth  compared  to  plants  outside  the 
exclosure.  Dead  material  has  ac- 
cumulated at  the  base  of  grasses,  and 
litter  buildup  has  improved  ground  cover. 
Although  evident,  the  magnitude  of 
these  changes  during  the  past  24  years 
has  not  been  striking  (fig.  6). 

On  the  west  slope  outside  the  exclosure, 
the  crowns  of  half-shrubs  are  largely 
comprised  of  annual  growth.  The  growth 
form  of  Hoods  phlox  and  pussytoes  has 


been  suppressed  by  yearly  trampling.  Elk 
foraging  has  prevented  plant  material 
from  accumulating  as  litter. 

After  26  years,  the  magnitude  of  change 
on  a  south  slope  within  the  exclosure  is 
less  because  of  lower  site  potential. 
Grasses  have  increased  in  basal  area, 
accumulative  growth  is  evident  on  half- 
shrubs,  interspaces  between  plants  have 
not  filled  in  appreciably,  and  litter 
buildup  is  negligible.  Plant  cover  on  the 
south  slope  outside  the  exclosure  has 
declined  due  to  heavy  trampling  that  has 
been  aggravated  because  the  exclosure 
fence  restricts  movement. 

Differences  between  vegetation  within 
and  outside  exclosures  should  be  viewed 
in  proper  perspective.  Having  been  arti- 
ficially induced,  conditions  inside  ex- 
closures  do  not  represent  pre-settlement 
conditions.  Elk  have  used  palatable 
plants  on  topoedaphic  sites  for  cen- 
turies, and  have  prevented  accumulative 
growth  on  these  sites.  Plants  are  current- 
ly composed  primarily  of  current  growth 


Figure  6. -Exclosure  No.  3  -  October  5,  1976.  Protected  plants  are  on  the  left,  grazed  plants  on  the 
right. 
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and  I  believe  this  has  been  the  norm. 
Conditions  immediately  outside  ex- 
closures  are  also  somewhat  artificial, 
because  fences  restrict  free  animal 
movement  and  concentrate  trailing. 

Considering  all  the  evidence,  it  is  ap- 
parent that  vegetation  on  south-  and 
west-facing  slopes  on  elk  winter  range 
has  not  been  greatly  altered  since  settle- 
ment. After  all,  these  sites  have  limited 
potential  to  produce  vegetation  because 
of  several  interacting  factors:  slope;  ex- 
posure; shallow,  sometimes  coarse- 
textured  soils;  less  snow  cover;  and  per- 
sistent westerly  winds  that  result  in  xeric 
conditions.  Palatable  species  have  per- 
sisted despite  extreme  grazing  by  elk. 
However,  the  utilization  of  cured  grasses 
and  half-shrubs  has  been  during  winter 
when  stored  food  reserves  are  not  af- 
fected. Utilization  of  new  grass  growth  in 
the  spring  is  prior  to  the  critical  growth 
stage  thereby  allowing  grasses  to  subse- 
quently restore  food  reserves  and  build 
up  vigor. 

Tali  Forb  Vegetation 
on  Summer  Ranges 

Bailey  (1915,  unpubl.  ref.)  concluded  that 
summer  range  in  Jackson  Hole  was 
abundant  and  in  good  condition.  Graves 
and  Nelson  (1919)  also  reported  that  the 
summer  range  was  plentiful  and  con- 
stituted no  serious  problem.  More 
recently,  concern  has  developed  over  the 
effects  of  elk  use  on  summer 
range  — notably  Big  Game  Ridge  in  the 
Teton  Wilderness  (Beetle  1952,  unpubl. 
ref.).  Croft  and  Ellison  (1960)  concluded 
that  elk  were  responsible  for  deteriora- 
tion of  the  grazable  vegetation  and 
watershed  on  Big  Game  Ridge,  although 
they  recommended  further  study.  Gruell 
(1973)  concluded  that  elk  had  not  been 
responsible  for  deterioration  of  either 
the  grazable  vegetation  or  watershed  on 
Big  Game  Ridge. 

The  photo  record  does  not  demonstrate 
any  appreciable  change  on  Big  Game 
Ridge  between  1915  and  1969  (plates 
17-22).  Snowbank  sites  apparently  sup- 
port more  plants  than  50  years  ago, 
which  is  consistent  with  trends  on  other 
widely  separated,  high-elevation  summer 
ranges  (plates  14-16,  26-27,  83,  85)  where 
plant  density  has  remained  constant  or 
improved  in  the  past  75  to  100  years. 
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Plant  densities  on  summer  ranges  re- 
flect site  potentials.  Well  developed, 
clay-loam  soils  support  good  plant  cover 
and  a  variety  of  tall  forbs  and  grasses. 
Vegetal  production  is  low  on  snowbank 
sites,  exposed  ridges,  and  southerly 
aspects  where  soils  are  commonly  shal- 
low or  rocky.  On  these  sites,  deficient 
soil  moisture  and  restricted  rooting  op- 
portunity are  the  principal  inhibitors  of 
plant  growth.  Snowbank  sites  have  a  par- 
ticularly low  potential  for  plant  growth 
because  of  short  growing  season  and 
harsh  growing  conditions.  Thilenius 
(1975)  points  out  that  alpine  soils  under 
late-lying  snowbanks  are  poorly 
developed  and  often  low  in  humus.  Their 
low  water-holding  capacity  accentuates 
drought-stress. 

Low  density  vegetation  on  harsh  sites  is 
often  comprised  of  annuals.  Their 
perpetuation  is  assured  by  recurrent 
churning  of  the  soil  surface  by  pocket 
gophers  (Gruell  1973).  Early  narratives 
suggest  high  pocket  gopher  populations 
in  pre-settlement  times.  Their  presence 
reflects  ideal  habitat  in  the  form  of  a 
large  volume  of  herbaceous  vegetation, 
rather  than  habitat  deterioration. 

Forage  utilization  on  Big  Game  Ridge 
was  probably  greater  prior  to  settlement 
when  elk  numbers  were  high,  in  recent 
years  utilization  has  not  been  excessive 
(Gruell  1973),  particularly  considering 
how  elk  feed  on  the  vegetation.  Of  plants 
utilized  on  representative  sites  on  Big 
Game  Ridge,  less  than  half  of  the  growth 
was  removed.  Annual  variations  in  elk 
distribution  patterns  increase  the  prob- 
ability that  some  plants  grazed  one  year 
will  not  be  utilized  the  following  year.  In 
effect,  a  deferred  rotation  grazing 
system  has  evolved.  Sites  with  low  plant 
density  consistently  received  the 
lightest  utilization  because  they  were 
less  inviting  to  elk. 

Reasons  for  the  apparent  increase  in 
plant  density  on  harsh,  high-elevation 
sites  suggested  by  photos  are  presently 
unknown,  but  the  following  factors  may 
be  involved.  Heavier  utilization  of  pre- 
ferred flowerheads  and  succulent  ter- 
minal stems  of  herbs  by  the  large  elk 
population  in  earlier  years  may  have 
given  the  landscape  the  appearance  of 
having  a  more  sparse  plant  cover.  Fluc- 
tuations   in    pocket    gopher    densities 


could  likewise  influence  plant  cover  both 
by  utilization  and  soil  disturbance.  The 
coincidence  of  high  pocket  gopher  popu- 
lations and  a  poor  year  for  plant  growth 
could  temporarily  reduce  plant  cover 
(plate  22)  and  could  account  for  an  ap- 
parent subsequent  increase  in  plant  den- 
sities on  some  sites. 

However,  not  all  the  change  can  be  ex- 
plained by  a  decline  in  elk  utilization  or 
variation  in  pocket  gopher  activity.  The 
increase  in  plant  density  on  snowbank 
sites  and  other  sites  that  supported  low- 
density  vegetation  before  the  turn  of  the 
century  suggests  that  climatic  change 
may  be  involved,  most  likely  a  warming 
trend  (Bray  1971;  Mitchell  1970).  Such  a 
trend  since  the  mid-1800's  and  especial- 
ly since  1920  is  evidenced  by  the  retreat 
of  local  glaciers.  Warming  would  have 
melted  snowbanks  earlier,  extended  the 
growing  season,  and  improved  oppor- 
tunity for  plant  establishment  and 
growth.  Long-lived  species  which 
regenerate  vegetatively,  such  as  longleaf 
arnica,  would  also  have  been  favored 
through  proliferation  of  new  stems  from 
the  spreading  root  system. 

Watersheds 

Watershed  conditions  in  the  study  area 
differ  according  to  the  geology.  Those  in 
the  northeastern  part  are  relatively 
stable  since  soils  are  derived  from 
rhyolite  flows,  breccia,  and  con- 
glomerates. Much  of  the  material 
transported  by  these  streams  is  as 
bedload.  Most  of  the  other  watersheds 
are  underlain  by  soft  sedimentary  forma- 
tions and  the  predominantely  fine  ero- 
sional  materials  are  largely  transported 
as  suspended  sediment.  Some  streams 
in  the  Gros  Ventre  range  carry  mostly 
dissolved  material  because  they  flow 
through  hard  limestone  and  dolomite 
bedrock.  Included  are  Flat  Creek,  Crystal 
Creek,  and  Granite  Creek  which  run  prac- 
tically clear,  for  the  most  part,  during 
high  water.  These  streams  are  the  excep- 
tion. All  others  run  muddy  and  carry 
either  suspended  sediments,  bedloads, 
or  both. 

Some  historical  perspective  on  the 
watershed  condition  is  provided  in  early 
narratives  covering  the  Big  Game  Ridge 
locality.  Barlow  and  Heap  (1872)  reported 


that  the  upper  Snake  River,  which  drains 
Big  Game  Ridge,  was  subject  to  severe 
freshets.  Bradley  (1873)  described  the 
wide  variability  of  runoff  and  "great 
freshets"  by  noting  the  condition  of  the 
broad  gravelly  bottom  of  the  Snake  River. 
According  to  him,  these  conditions 
resulted  from  rapid  melting  of  the  snow 
on  treeless  areas  at  higher  elevations 
where  many  localities  were  "badly  wash- 
ed." Tributary  drainages  which  head  on 
Big  Game  Ridge  continue  to  carry  high 
volumes  of  water  and  heavy  loads  of 
suspended  sediment  during  peak  runoff 
or  after  cloudbursts.  Sheet  and  rill  ero- 
sion is  common,  especially  on  steep 
slopes  and  below  late-melting  snow- 
banks. Thilenius  (1975)  found  that  the 
normal  process  of  cryopedogenesis  (in- 
tensive frost  action)  and  natural  erosion 
on  alpine  ranges  can  cause  many  of  the 
features  listed  in  the  Forest  Service 
Range  Environmental  Analysis  Hand- 
book as  symptoms  of  retrogressing  soil 
stability.  This  applies  to  many  alpine 
localities  on  Big  Game  Ridge,  Two 
Ocean  Plateau,  and  the  Buffalo  Plateau. 

Watershed  conditions  on  the  gentle-to- 
moderate  slopes  of  Big  Game  Ridge 
have  not  changed  appreciably  since  1915 
(plates  17-19).  Little  change  also  is  in- 
dicated on  a  similar  area  near  Wildcat 
Peak  (plate  15).  Measurements  in  1976  of 
10  erosion  pins  placed  in  1969  on  Big 
Game  Ridge  showed  erosion  rates  to 
vary  with  the  percentage  of  slope.  Soil 
loss  around  3  pins  on  a  snowbank  site  of 
approximately  35  percent  slope  varied 
between  0.25  inch  and  1.62  inches;  the 
loss  around  4  pins  on  gentle  slopes  was 
0.25  to  0.38  inch.  One  pin  was  covered  by 
pocket  gopher  casts  and  2  others  were 
presumably  covered  and  lost.  These  data 
show  that  sheet  and  rill  erosion  is  carry- 
ing soil  from  the  steeper  slopes  where 
plant  cover  is  sparse,  but  I  believe  that 
the  rate  is  not  greater  than  pre- 
settlement  times.  The  rate  of  erosion  on 
gentle  slopes  is  quite  slow,  with  the  sur- 
face of  the  soil  fluctuating  more  from 
pocket  gopher  activity  than  erosion. 
Gullies  on  the  upper  slopes  of  Big  Game 
Ridge  formed  during  the  closing  stages 
of  Pinedale  glaciation  some  9,000  years 
ago  (Richmond  and  Pierce  1971).  A.  F. 
Galbraith,  hydrologist,  Bridger-Teton 
National  Forest  (1976,  personal  com- 
munication)   pointed    out    that    these 
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gullies  could  not  have  developed  in 
historic  times  because  surface  area  of 
the  watershed  above  is  insufficient  to 
generate  adequate  water  velocity  for  ac- 
celerated cutting. 

The  photo  record  also  indicates  that  ero- 
sion on  sites  of  low-density  plant  cover 
on  the  Gros  Ventre  winter  range  has  not 
changed  appreciably  since  settlement 
(plates  36,  38-41,  45-46,  49-50).  Gully  pat- 
terns and  depths  appear  relatively  the 
same  after  50  to  75  years.  Soils  are 
moderately  to  highly  erosive,  with  sheet 
and  rill  erosion  common  in  localized 
areas  after  cloudbursts  or  rapid  snow 
melt.  Generally,  sediments  moved  by 
sheet  or  rill  erosion  are  deposited  in 
vegetation  before  reaching  the  Gros 
Ventre  River.  Sediments,  however,  do 
reach  the  Gros  Ventre  River  where  the 
source  area  is  immediately  adjacent 
(plate  38).  The  high  loads  of  suspended 
sediment  carried  by  the  Gros  Ventre 
River  have  their  source  in  the  upper 
reaches  of  the  river  and  its  tributaries, 
which  flow  through  unstable  material. 
Bailey  (1971)  recognized  mass  wasting 
as  one  of  the  most  effective  erosional 
processes  in  the  area.  High  relief,  steep 
slopes,  deformed  weak  bedrock,  ex- 
cessive slope  water  content,  earthquake 
shocks,  and  slump  undercutting  all  con- 
tribute to  high  sediment  loads  (plate  49). 
Evidence  that  high  volumes  of  suspend- 
ed sediments  were  natural  is  found  in 
early  narratives.  Ingersoll  (1883),  while 
with  the  1877  Hayden  Survey,  noted  that 
the  upper  Hoback  River  ran  high  and 
muddy  following  warm  weather,  which 
melted  upper  elevation  snowpacks. 

Streams  and  rivers  flowing  through 
broad  flood  plains  of  soft  sedimentary 
material  are  constantly  changing  (plates 
8-11,  23,  50,  58,  61-62,  74).  In  these  areas, 
great  quantities  of  material  are  rede- 
posited  after  being  carried  in  suspension 
or  cut  from  streambanks.  Accumulation 
of  this  material  diverts  flows  to  new 
channels  where  material  in  turn  is  erod- 
ed away.  As  one  would  suspect,  streams 
that  carry  heavy  bedloads  are  also  highly 
changeable  (plates  1-4).  The  upper  water- 
shed of  Pass  Creek  includes  extensive 
areas  of  bedrock  or  shallow  soil,  with 
low-density  plant  cover.  Rapid  melt  of 
snowpack  or  runoff  from  cloudbursts 
results   in   high  volumes  of  water  that 


carry  the  conglomerate  bedload  for 
some  distance.  Comparable  situations 
occur  throughout  the  study  area.  One  is 
Pacific  Creek  below  the  outlet  of  Gravel 
Creek  where  the  primary  source  for  con- 
glomerate erosional  material  is  Gravel 
Mountain  to  the  east.  Great  quantities  of 
this  material  have  been  transported 
down  a  tributary  to  Pacific  Creek  over 
the  centuries. 

No  appreciable  channel  changes  have 
occurred  where  flows  are  restricted  by 
terrain  features  (plates  37,  40-41,  66-67, 
70,  75).  Streambeds  in  these  localities 
have  usually  reached  bedrock,  and  flows 
are  confined  within  narrow  limits. 

Overland  flows  have  varied  over  the  cen- 
turies, depending  upon  the  successional 
stage  of  the  vegetation.  Removing  trees 
from  a  watershed  temporarily  increases 
the  amount  of  water  flowing  from  it 
(Hibbert  1967).  Prior  to  settlement  this 
was  accomplished  by  insects,  disease, 
and  wildfire  in  the  Jackson  Hole  region. 
Overland  flows  today  are  probably  reduc- 
ed over  presettlement  times  when 
wildfire  kept  much  of  the  coniferous 
forest  in  serai  stages.  Young  forests 
draw  less  upon  ground  water  thereby 
leaving  more  water  available  to  shrubs 
and  herbaceous  plants  and  as  free  water 
for  aquifers,  springs,  and  streams.  The 
great  biomass  of  today's  mature  and 
overmature  forests  draws  heavily  on 
ground  water  and  reduces  free-flowing 
water,  particularly  during  the  summer 
when  transpiration  is  highest. 

From  the  photographic  evidence  and 
geologic  information,  watersheds  in  the 
Jackson  Hole  region  appear  to  be  func- 
tioning naturally,  with  erosion  rates  no 
greater  than  100  years  ago.  Most  of  the 
landscape  is  protected  by  soil-stabilizing 
vegetation.  Surface  erosion  is  mainly 
confined  to  sparsely  vegetated  steep 
slopes  on  both  summer  and  winter 
range.  The  heavy  loads  of  suspended 
sediments  carried  by  most  streams  dur- 
ing peak  runoff  or  following  cloudbursts 
originate  in  the  upper  watersheds.  High 
relief,  steep  slopes,  deformed  weak 
bedrock,  excessive  slope-water  content, 
earthquake  shocks,  and  slump  undercut- 
ting all  contribute  to  high  sediment 
loads.  Some  workers  have  believed  that 
the  rate  of  erosion  has  accelerated  in 


21 


some  areas  since  settlement  because  of 
increased  elk  use  attributable  to  man's 
activities  (Beetle  1962).  The  evidence 
does  not  support  this  interpretation. 


Human  Occupancy 

Development  on  the  Teton  Division  of  the 
Bridger-Teton  National  Forest  is  largely 
confined  to  private  inholdings  of  about 
28,500  acres  (1 1  538  ha)  (2  percent  of  the 
area).  Except  for  a  few  isolated  tracts, 
these  lands  are  along  the  Buffalo  Fork 
River,  Gros  Ventre  River,  Snake  River  and 
Hoback  River,  and  were  homesteaded 
between  1893  and  1920.  Most  are  still  us- 
ed for  ranching,  particularly  in  the 
Hoback  Basin. 

With  human  population  increases,  these 
lands  are  being  developed  for  housing 
and  recreation.  In  recent  years  develop- 
ment has  increased  dramatically  as 
more  people  discover  Jackson  Hole. 
Although  the  area  being  developed  is 
small  when  compared  to  the  total 
acreage  of  National  Forest  lands,  this 
development  has  influenced  wildlife. 
Much  of  this  land  has  been  important  as 
winter  range  for  large  ungulates  because 
of  its  valley  location.  Current  trends  in- 
dicate that  development  will  continue  to 
the  detriment  of  wildlife,  particularly  to 
large  ungulates. 

MANAGEMENT  IMPLICATIONS 

This  study  indicates  little  change  in 
vegetation  on  sites  of  low  potential. 
Because  of  low  potential,  there  is  little 
opportunity  to  improve  these  sites.  There 
has  been  much  change  where  potential 
for  plant  growth  is  favorable.  Various 
biotic  and  abiotic  agents  have  influenc- 
ed this  change,  but  it  appears  that  the 
primary  influence  has  been  a  reduction 
in  acres  burned.  Prior  to  settlement  of 
Jackson  Hole,  wildfires  are  thought  to 
have  stimulated  renewal  of  vegetative 
cover  by  creating  a  mosaic  of  variable 
aged  vegetation.  Serai  herbaceous 
plants,  deciduous  shrubs,  and  deciduous 
trees  were  well  represented.  The  reduc- 
tion in  acres  burned  has  allowed  vegeta- 
tion to  advance  successionally,  and 
fuels  to  build  up  greatly  over  wide  areas. 
Much  early  serai  vegetation  has  either 
died  or  become  senescent,  resulting  in 
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reductions  in  carrying  capacity  and 
heavy  utilization  of  remaining  palatable 
species  by  wild  ungulates.  Changes  in 
vegetation  have  had  far  reaching  in- 
fluences on  wildlife  and  other  fire- 
dependent  systems. 

The  influences  of  burning  on  fire- 
dependent  western  and  northern  conifer 
forests  have  been  enumerated  by  Wright 
and  Heinselman  (1973)  and  summarized 
as  follows  by  Mutch  (1976):  Fire  influ- 
ences the  physical-chemical  environ- 
ment; regulates  dry-matter  accumula- 
tion; controls  plant  species  and 
communities;  determines  wildlife 
habitat  patterns  and  populations;  con- 
trols forest  insects,  parasites,  fungi,  etc.; 
and  controls  major  ecosystems,  pro- 
cesses, and  characteristics  (nutrient 
cycles,  energy  flow,  succession,  diversi- 
ty, productivity,  and  stability). 

Because  fire  is  an  integral  part  of  the 
ecosystem,  it  is  being  integrated  into 
land  management  planning.  Manage- 
ment objectives  will  vary  with  dif- 
ferences in  land  capability  and  manage- 
ment commitment.  The  overall  objective 
of  fire  management  outlined  in  the  new 
Forest  Service  Fire  Management  Policy 
is  to  provide  fire  protection  and  use  pro- 
grams that  are  responsive  to  land  and 
resource  management  goals  and  objec- 
tives. A  key  element  of  this  direction  is  to 
provide  for  prescribed  fire,  using  either 
planned  or  unplanned  ignitions  to  main- 
tain and  enhance  production  of  National 
Forest  resources. 

A  primary  management  objective  in  the 
Teton  Wilderness  is  to  allow  natural 
systems  to  function.  This  management 
objective  was  furthered  by  implementa- 
tion of  a  natural  fire  management  plan  in 
1976  (Reese  and  others  1976).  A  com- 
parable fire  management  plan  is  also  be- 
ing prepared  for  the  Bridger  Wilderness 
in  the  Wind  River  Range.  The  Teton 
Wilderness  fire  management  plan  allows 
lightning  fires  to  play  a  more  natural 
role.  Fires  in  nine  fire  management  units 
will  be  closely  monitored  and  allowed  to 
burn  naturally,  or  be  partially  contained, 
totally  contained,  or  suppressed  depend- 
ing upon  predetermined  prescriptions. 
Burning  along  the  northern  boundary  will 
be  closely  coordinated  with  Yellowstone 
National  Park  which  operates  under  a 
similar  fire  management  plan. 


Of  the  3,423,412  acres  (1  385  997  ha) 
comprising  the  Bridger-Teton  National 
Forest,  2.273,933  acres  (920  621  ha)  are 
outside  designated  Wilderness  and 
other  special  areas.  The  latter  acreage 
includes  710,881  acres  (287  806  ha)  (33 
percent)  where  trees  are  not  the  primary 
vegetation.  The  use  of  prescribed  fire  on 
these  lands  has  been  considered  in  the 
land  management  planning  process^see 
Spread  Creek-North  Gros  Ventre  Land 
Use  Plan).  As  of  1977,  two  prescribed 
burns  in  late  summer,  one  in  the  fall,  and 
four  in  spring,  totaling  approximately 
3,100  acres  (1  255  ha)  have  been  carried 
out  in  this  planning  unit  and  on  adjacent 
lands.  All  of  these  burns  have  been  on 
sagebrush-grass  livestock  allotments 
which  also  encompass  elk  and  moose 
winter  range.  With  few  exceptions, 
future  opportunities  for  prescribed  burn- 
ing will  also  be  on  dual  use  ranges.  Close 
cooperation,  coordination,  and  commit- 
ment by  the  Forest  Service,  Wyoming 
Game  and  Fish  Department,  and  live- 
stock permittees  will  be  required.  All  par- 
ties acknowledge  the  potential  benefits 
of  burning  on  the  Gros  Ventre  River 
drainage,  and  burning  plans  are  being 
developed  to  meet  management  objec- 
tives and  assure  continuity  of  effort. 
These  plans  should  serve  as  forerunners 
of  others  on  the  Forest. 

Lands  outside  designated  Wilderness 
areas  also  include  479,808  acres 
(194  254  ha)  (22  percent)  in  forest  tree 
cover  types  not  allocated  for  commercial 
harvest.  Much  of  this  land  has  a  high 
potential  for  supporting  wildlife.  A  long 
fire-free  interval  has  caused  a  decline  in 
plant  diversity,  a  reduction  in  carrying 
capacity  for  many  wildlife  species,  and 
an  altering  of  fuels.  Years  without  fire's 
influence  have  locked  up  important 
nutrients  and  have  postponed  the  in- 
evitable release  of  energy  by  wildfire 
(Roe  and  others  1971).  The  likelihood  of 
large,  high-intensity  fires  is  considerable 
in  some  areas  because  of  great,  con- 
tiguous fuel  accumulations.  Fuel  reduc- 
tion by  prescribed  fire  can  be  achieved 
with  adequate  funding,  intensive  plan- 
ning, and  total  commitment.  Prescribed 
fire  could  also  be  complemented  by  zon- 
ing and  preplanning  to  allow  wildfires  to 
burn  under  prescribed  conditions  in  con- 
formance with  the  new  fire  management 


policy.  Rather  than  suppressing  all  fires, 
some  could  be  allowed  to  burn  under 
prescription,  thereby  providing  multiple 
benefits. 

Many  wildlife  habitat  improvement  op- 
portunities also  exist  on  commercial 
forest  lands,  which  make  up  45  percent 
of  the  Forest  outside  of  designated 
Wilderness  areas.  Here,  fires  are  sup- 
pressed to  protect  forest  resources  and 
provide  a  continuing  supply  of  har- 
vestable  timber.  Since  1956,  approx- 
imately 40.000  acres  (16  194  ha)  (9  per- 
cent of  the  standard  and  special  compo- 
nent of  4  percent  of  the  total  commercial 
forest  including  the  marginal  compo- 
nent) has  been  cut.  Most  of  the  harvest 
has  come  from  the  standard  component 
in  more  accessible  stands,  including 
some  heavy  tree  removals  from 
restricted  areas.  A  new  timber  manage- 
ment plan  in  preparation  would  reduce 
the  annual  allowable  programmed 
harvest,  thereby  spreading  out  the 
harvest  and  assuring  a  wide  range  of 
successional  stages  in  future  years. 

Harvests  over  the  past  20  years  have  im- 
proved successional  diversity  and 
helped  reduce  the  probability  of  large 
high-intensity  fires.  Future  opportunities 
for  improvement  of  wildlife  habitat  by 
timber  harvests  are  many,  especially 
where  aspen  are  a  component  of  the 
vegetation,  but  improvement  will  be  con- 
tingent upon  coordinated  planning  and 
proper  execution  of  sales.  In  some  areas, 
failure  to  close  timber  access  roads  has 
resulted  in  heavy  hunter  harvest  and 
disturbance  of  wildlife.  If  wildlife  is  to 
benefit  from  logging,  public  use  must  be 
restricted  on  roads  traversing  areas  of 
high  wildlife  value. 

To  simultaneously  support  large 
numbers  of  species  and  individuals,  all 
stages  of  plant  development  must  be 
represented.  Maintaining  a  variety  of 
wildlife  species  requires  the  kind  of 
forest  management  that  maintains  plant 
and  habitat  diversity  (Noble  1973). 
Benefits  will  vary  depending  on  the 
wildlife  species  and  successional  stage. 
Many  wildlife  species  increase  during 
early  plant  succession  while  others  are 
displaced  or  eliminated  until  latter  suc- 
cession (Komarek  1966). 
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Early  serai  vegetation  favors  most  large 
herbivores  by  enlarging  the  food  base 
and  improving  the  quality  of  the  forage. 
In  earlier  years,  elk  winter  range  in  the 
study  area  was  enhanced  by  widespread 
increases  in  production  of  perennial 
grasses,  forbs,  and  deciduous  shrubs 
and  trees  following  fires.  Antelope  and 
bighorn  sheep  summer  ranges  were 
likewise  benefited.  Fires  on  both  high 
and  low  elevation  bighorn  sheep  winter 
ranges  opened  conifer  stands  thus  in- 
creasing forage  production  and  availa- 
bility by  allowing  winds  to  blow  away 
snow. 

Early  successional  plants  also  favor 
many  small  herbivores.  Snowshoe  hare 
population  explosions  are  limited  to  ear- 
ly succession  when  new  forest  reproduc- 
tion covers  large  acreages  (Grange 
1965).  Burning  to  benefit  upland  species 
in  Wisconsin  also  benefited  muskrats 
(Ondatra  zU'cfliicus),  rabbits,  and  rodents 
(VogI  1967).  Considering  these  results  it 
is  probable  that  the  yellow-bellied  mar- 
mot [Marmota  flaviventris),  white-tailed 
jackrabbit,  and  other  small  herbivores 
that  prefer  open  habitats  in  the  study 
area  would  likewise  benefit  from  fire. 

The  beaver  is  an  outstanding  example  of 
a  herbivore  adapted  to  serai  vegetation.  I 
have  observed  numerous  instances  were 
loss  of  aspen  for  food  and  dam-building 
material  due  to  successional  changes 
caused  sharp  population  declines  or 
abandonment  of  the  area.  Current  beaver 
populations  in  western  Wyoming  largely 
depend  upon  willow,  which  is  structural- 
ly inferior  as  dam-building  material  and 
not  as  nutritious  as  aspen.  Huey  (1956) 
found  that  beaver  on  an  aspen  diet  pro- 
duced litters  double  those  of  beaver  on  a 
willow  diet. 

Carnivores  including  the  wolf  (Canis 
lupus),  coyote  {Canis  latrans),  red  fox 
(V'ulpes  fulva),  mountain  lion  (Felis  con- 
color),  lynx  (Lynx  canadensis),  bobcat  (Lynx 
rufus),  grizzly  bear  (Ursus  arctos),  black 
bear  (Ursus  americana),  longtail  weasel 
(M  us  tela  frenata),  mink  (Af us  tela  vison), 
wolverine  (Gulo  luscus),  badger  (Taxidea 
laxus),  and  striped  skunk  (Mephitis 
mephitis)  depend  upon  herbivores  for 
food.  Successional  changes  favoring 
herbivores  also  favor  carnivores,  but  tim- 
ing depends  on  the  relative  availability  of 


herbivores.  Prescribed  burning  in 
Wisconsin  favored  the  Wisconsin  badger 
shortly  after  burning  (VogI  1967). 
Edwards  (1956)  concluded  that  an  in- 
tense wildfire  in  British  Columbia  cover- 
ing 200  square  miles  created  new  habitat 
for  wolverine,  wolves,  and  grizzly  bear, 
and  allowed  mountain  lion  to  become 
common  and  coyotes  to  flourish  30  years 
after  burning. 

Different  bird  species  inhabit  different 
types  and  stages  of  forest  succession.  In 
general,  birds  use  more  than  one  serai 
stage,  almost  none  breed  in  all  stages, 
and  a  few  are  restricted  to  only  the  old 
growth  or  climax  vegetation  (Wight 
1974).  In  Yellowstone  Park,  Taylor  (1969) 
found  more  bird  species  in  open  habitat 
that  had  burned  9  to  27  years  previously 
than  in  closed  conifer  forest  that  had 
burned  in  1910  and  1856.  Mixed  pine- 
hardwood  forests  kept  open  by  frequent 
ground  fires  in  Mexico  support  a  larger 
number  of  species  than  adjacent  closed 
forests  in  Arizona,  which  have  been  pro- 
tected from  fire  (Marshall  1963).  Gullion 
(1970)  reported  that  the  greatest  ruffed 
grouse  (Bonasa  umbellus)  populations  in 
northern  Minnesota  occurred  2  to  4  and 
10  to  12  years  after  peak  fire  seasons 
when  aspen  was  in  early  succession.  On 
Vancouver  Island,  British  Columbia,  den- 
sities of  breeding  blue  grouse  (Den- 
dragapus  obscurus)  are  low  in  mature  for- 
ests, but  populations  usually  increase 
rapidly  following  logging  or  burning 
(Bendell  and  Elliott  1966). 

Advanced  stages  of  succession  or  old- 
growth  coniferous  forest  are  clearly 
favored  by  certain  wildlife  species. 
Thomas  and  others  (1975)  pointed  out 
the  importance  of  old-growth  ponderosa 
pine,  Douglas-fir,  and  spruce-hemlock 
forests  for  cavity  nesting  birds.  Pine 
marten  are  closely  tied  to  old-growth 
forests,  although  fire  and  good  timber 
harvest  practices  can  maintain  the  diver- 
sity beneficial  to  pine  marten  and  other 
wildlife  (Koehler  and  others  1975). 

The  great  increase  in  moose  numbers 
throughout  the  study  area  since  1900 
may  reflect  natural  expansion  into 
suitable  but  previously  unoccupied 
habitat.  However,  moose  appear  to  have 
been  favored  by  successional  changes 
that    have    occurred    since    settlement. 
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Numbers  were  low  around  the  turn  of  the 
century  when  much  habitat  was  in  early 
succession.  Moose  populations  did  not 
increase  significantly  until  more  advanc- 
ed stages  of  succession  were  reached  60 
years  or  more  after  large  wildfires. 
Increases  apparently  resulted  from  im- 
proved availability  of  winter  forage, 
especially  subalpine  fir  which  increased 
enormously  over  wide  areas  with  reduc- 
ed fire  periodicity.  Subalpine  fir  has  been 
a  staple  winter  food— oftentimes  the  on- 
ly forage  available  in  late  winter  when 
snow  depths  of  3  to  6  feet  (0.91  to  1.83 
meters)  largely  covers  deciduous 
species  at  elevations  between  6,500  and 
9,000  feet  (1  982  and  2  744  meters).  This 
primary  food  source  along  with  taller 
deciduous  species  apparently  allowed 
moose  to  overwinter  in  many  localities 
where  sufficient  food  was  not  available 
in  earlier  succession.  Studies  in  Alaska 
and  Canada  show  that  moose  increase 
in  response  to  earlier  successional 
stages  (Spencer  and  Hakala  1964; 
Cowen  1950,  and  others).  Differences  in 
findings  may  be  tied  to  differences  in 
successional  relationships.  Deciduous 
shrubs  and  trees  in  northern  latitudes 
are  usually  well  represented,  re-establish 
rapidly  after  fire,  and  have  the  potential 
of  growing  tall.  Much  of  this  vegetation 
remains  above  the  snow  level  during  the 
winter.  Succession  is  slower  in  Jackson 
Hole  and  there  are  fewer  tall  shrubs  and 
trees.  Deep  snow  restricts  availability  of 
this  forage,  especially  in  early  succes- 
sion. Habitually  heavy  utilization  over 
several  decades  and  closing  of  the  forest 
canopy  has  resulted  in  a  significant 
reduction  in  the  winter  carrying  capacity 
for  moose.  Rejuvenation  of  these  winter 
ranges  can  be  accomplished  by  fire  and 
logging,  but  benefits  for  moose  will  pro- 
bably not  be  realized  for  many  decades. 


Mule  deer  apparently  have  also  bene- 
fited from  advancing  succession.  Set- 
tlers reported  that  they  were  scarce 
about  1900  (Bridger-Teton  National 
Forest  files),  but  numbers  have  been 
relatively  high  since  the  1950's.  This 
change  appears  to  have  been  materially 
influenced  by  the  increased  availability 
of  deciduous  shrubs  and  mountain  big 
sagebrush,  a  staple  food  of  wintering 
deer  in  Jackson  Hole  and  other  areas  in 
the  West  (Leach  1956;  Dietz  and  others 


1962).  Future  wildfires  on  sagebrush- 
dominated  deer  winter  range  in  Jackson 
Hole  will  set  succession  back  and  result 
in  a  temporary  reduction  in  the  wintei 
carrying  capacity.  It  appears  advisable 
that  until  the  carrying  capacity  on 
sagebrush-dominated  winter  deer 
ranges  materially  declines,  prescribed 
burning  should  be  held  to  a  minimum. 

Cavity-nesting  birds,  including  the  tree 
swallow  {Indoprociw  hico/or),  mountain 
bluebird  (Sia/lu  currucoldcs),  black-capped 
chickadee  (Purus  airlcapil/us),  house  wren 
{Tro^Unlyics  uedoii),  yellow-bellied  sap- 
sucker  (S/)liyrci/)lcus  vatiiis)  and  others 
have  benefited  from  successional  ad- 
vances by  having  more  opportunity  for 
nesting  in  mature  and  decadent  aspen 
stands.  Opportunities  for  nesting  in 
aspen  are  minimal  during  early  succes- 
sion because  of  the  predominance  of 
young  trees  too  small  to  support 
cavities.  The  widespread  increase  in 
mountain  big  sagebrush  has  been 
favorable  to  the  Brewer's  sparrow 
{Spizellu  hreweri),  which  prefers  sagebrush 
for  nesting.  In  a  Wyoming  study,  no 
evidence  of  nesting  could  be  found  after 
a  stand  of  sagebrush  was  sprayed  with 
the  herbicide  2,4-D  (Schroeder  and 
Sturges  1975). 

From  the  foregoing,  it  is  evident  that 
wildlife  habitat  preferences  vary  widely. 
Despite  the  variability  in  preferences, 
many  animals  are  adapted  to  early  suc- 
cessional postfire  stages  where  food 
and  cover  are  more  plentiful.  It  is  clear 
that  wildlife  in  Jackson  Hole,  as 
elsewhere,  evolved  in  an  environment 
that  was  subject  to  continuous  change. 
Changes  were  largely  brought  about  by 
recurrent  wildfires.  Because  fire  is  a 
natural  phenomenon  that  initiates  many 
beneficial  processes  and  because  it 
should  not  be  eliminated  from  the 
system,  fire  must  be  integrated  along 
with  timber  management  into  long-term 
land  management  plans.  There  is  no  in- 
finite stability,  only  dynamic  change. 
Wildlife  habitat  management,  whether  it 
is  for  big  game,  small  game,  or  nongame, 
must  become  vegetation  management  in 
order  to  be  successful  over  the  long  run. 

The  combined  evidence  indicates  that 
wildlife,  timber,  and  fire  management  ef- 
forts in  the  future  should  be  consistent 
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with  the  National  Forest  Planning  Act  of  with     various     uses    and     activities. 

1976  by  providing  for  plant  diversity  and  Management  techniques  will  vary  with 

maintenance  of  more  natural  levels  of  differences     in     land     capability    and 

fuel  loading.  These  objectives  must  be  management   commitment.   The   oppor- 

tempered  by  management  constraints  in  tunities  are  there.  How  much  is  achieved 

particular   land    units   and    coordinated  will  depend  on  commitment. 
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APPENDIX  I 

Definitions' 

accelerated  erosion  -  Erosion  caused  by  the  influence  of  man. 

advanced  or  late  succession  -  A  plant  community  that  has  replaced  earlier  communities  and 
within  the  writer's  judgment,  100  years  or  more  since  a  major  disturbance. 

bedioad  -  Materials  larger  than  sand  carried  downstream  by  peak  flows. 

biomass  -  The  total  weight  of  living  plant  material. 

biotic  community  -  Plants  and  animals. 

clearcutting  -  Harvest  of  conifers  by  cutting  all  trees  on  a  given  site. 

climax  -  The  highest  ecological  development  of  a  plant  community  capable  of  perpetuation 
under  the  prevailing  climatic  and  edaphic  conditions. 

clones  -  Individual  stands  derived  by  asexual  reproduction  from  a  single  parent. 

deciduous  vegetation  -  Trees  and  shrubs  which  shed  leaves  during  dormancy.  Most  species 
can  regenerate  from  root  crowns  or  root  stalks. 

early  succession  -  Refers  to  plant  community  recently  established  (50  years  or  less)  follow- 
ing a  major  disturbance,  usually  a  fire,  also  flood  or  wind. 

endemic  -  Native  to  the  area. 

forbs  -  Herbaceous  plants  other  than  grasses,  sedges,  and  rushes. 

freshet  -  Runoff  from  rapid  snow  melt. 

geologic  erosion  -  Perennial  plants  with  a  woody  base  whose  annually  produced  stems  die 
back  each  year. 

herbaceous  plants  -  Seed  producing  annuals,  biennials,  or  perennials  that  do  not  develop 
persistent  woody  tissue,  but  die  down  at  the  end  of  a  growing  season. 

hedged  condition  -  Shrubs  whose  growth  form  has  been  suppressed  by  persistent  ungulate  browsing. 

marginal  component  -  The  component  of  the  regulated,  commercial  forest  land  not  qualifying  as 
standard  or  special  components  primarily  because  of  excessive  development  cost,  low  product 
values,  or  resource  protection  constraints. 

microclimate  -  Climatic  condition  of  a  small  area  resulting  from  the  modification  of  the  general 
climatic  conditions  by  local  differences  in  elevation,  exposure,  or  vegetal  change. 

plant  community  -  An  aggregation  of  plants  within  a  specified  area. 

plant  succession  -  The  replacement  of  one  plant  community  by  another  over  time. 

rill  erosion  -  Erosion  process  in  which  numerous  small  channels  only  several  inches  deep  are  formed. 

serai  -  Plant  communities  that  are  replaced  with  successional  changes. 

Source  documents  -  Resource  Conservation  Glossary,  Soil  Conservation  Society  of  America,  and  Dictionary  of  Geological  Terms, 
American  Geological  Institute. 
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sheef  erosion  -  The  removal  o\'  a  lairly  uiiitoim  layer  ol'  soil  ttom  ihc  land  surtaee  In  runolT  waici . 

sile  polenfial  -  The  inherent  ability  o{'  a  site  lo  prodiiee  \euetalion. 

special  componeni  -  The  eoniponent  o\'  the  regulated  commereial  forest  land  area  that  is  reeogni/ed 
in  the  land  use  plan  as  needing  speeially  designed  treatment  o\'  the  timber  resource  to  aehieve  land- 
scape or  other  key  resource  objectives. 

standard  component  -  The  component  ot  the  regulated  (FSM  2415.3)  conuuercial  Ir-resl  land  area 
on  which  crops  o\'  industrial  wood  can  be  grown  and  harvested  with  adequate  jirolection  ol  ilic 
forest  resources. 

topoedaphic  -  Combination  of  slope,  aspect,  and  soil  characteristics  thai  influence  vegetal  growth. 

wild  ungulates  -  Hoofed  big  game  animals  including  elk,  moose,  mule  deer,  bighorn  sheep,  and 
antelope. 

xeric  -  Sites  having  limited  available  moisture. 
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APPENDIX  II 

Condition  and  Trend  Studies 

Table  1  lists  winter  range  condition  and  trend  studies  on  the  Gros  Ventre  drainage  and  on  the  Forest 
east  of  the  National  Elk  Refuge.  Initial  studies  consisted  of  individual  species  plots  and  chart 
quadrats.  The  individual  species  plots,  either  a  square  rod  or  10  x  10  feet  (3.05  m  x  3.05  m),  were 
used  to  study  changes  in  vegetative  cover.  The  chart  quadrats  mapped  all  vegetation  within  the 
quadrat.  Both  techniques  proved  unreliable  for  application  by  field  men  and  no  usable  information 
developed. 

Studies  at  the  0.75  acre  (0.3  ha)  1939  exclosure  (dismantled  in  1960)  included  5  camera  stations  and 
16  line  intercept  transects  (Canfield  1942).  Photos  taken  at  these  stations  have  been  lost.  Between 
1942  and  1962,  vegetation  on  the  8  transects  inside  the  exclosure  showed  an  increase  from  8  to  11 
percent;  bare  ground  decreased  from  92  to  89  percent.  Measurements  in  1952  of  the  8  outside 
transects  showed  no  change.  Measurements  in  1962  of  the  2  transects  (only  ones  remaining  outside 
after  construction  of  1960  exclosure)  also  suggested  no  change  (Thornton  1969,  unpubl.  ref.). 

Two  photos  taken  at  the  30  ft  (9.1  m)  square  experimental  reseeding  exclosure  in  1939  were  retaken 
in  1968  by  1.  R.  Thornton.  These  photos  show  establishment  of  crested  wheatgrass  both  inside  and 
outside  the  exclosure.  The  outside  had  been  grazed  from  1939-1960.  Since  1960  it  has  been  under 
protection. 

Parker  3-step  transects  (Parker  1950)  on  the  Teton  Forest  were  analyzed  for  accuracy  in  1968  during 
an  inter-regional  evaluation  study  under  the  direction  of  the  Rocky  Mountain  Forest  and  Range  Ex- 
periment Station.  Included  were  31  transects  (29  on  low  productivity  sites)  on  the  Gros  Ventre  and 
East  Refuge  winter  ranges.  Because  of  errors  that  could  not  be  corrected  during  the  analysis,  only 
seven  of  these  transects  were  acceptable  for  measuring  trend  (Genz  1968,  unpubl.  ref.).  However,  a 
few  of  the  rejected  transects  could  later  be  used  for  determining  trend  by  making  some  corrections 
or  remeasuring  the  transect.  Others  were  usable  for  determining  changes  in  species  composition, 
while  many  had  a  reasonably  good  photo  record.  All  seven  of  the  transects  usable  for  determining 
trend  were  on  the  Forest  east  of  the  National  Elk  Refuge.  Two  were  on  a  productive  bottom  land 
and  are  not  discussed  here.  The  other  five  on  less  productive  sites  were  installed  in  1952  and 
remeasured  in  1960  and  1967.  Three  were  inside  exclosure  3  and  showed  no  significant  change  in 
plant  or  forage  cover  indexes  between  1952  and  1967.  In  1967,  the  desirable  plant  index  showed  an 
improvement  over  1960,  but  was  below  1952  despite  protection.  Ground  cover  indexes  and  bare  soil 
ratings  improved  significantly  between  1952  and  1967.  After  15  years,  the  two  transects  outside  of 
exclosure  3  showed  no  significant  change  in  either  plant  cover  or  forage  cover  indexes.  The  desirable 
plant  index  showed  a  downward  trend,  while  both  ground  cover  indexes  and  bare  soil  ratings  show- 
ed significant  improvement. 

Comparison  of  existing  conditions  within  the  Upper  Slide  Lake  exclosure  with  those  depicted  in  43 
photos  taken  in  1960,  1961,  and  1962  shows  accumulative  growth  on  shrubs  and  improvement  in 
ground  cover  on  the  more  productive  sites.  Little  change  is  evident  on  less-productive  sites  (original 
photos  on  file  at  Gros  Ventre  Ranger  District  office). 

Nineteen  0.96  ft'  (0.29  m-)  circular  plot  transects  on  ridges  near  the  Alkali  feedground  were 
remeasured  in  1962  and  1965  by  estimating  the  percent  bare  ground,  soil,  rock,  pavement,  and 
vegetation  and  litter  within  each  plot.  Estimates  suggested  an  increase  in  vegetation  and  litter  from 
37  to  46  percent.  This  was  apparently  due  to  the  fertilizing  effect  and  accumulation  of  elk  droppings 
encouraged  by  supplemental  feeding.  An  increase  in  litter  from  pellets  and  stimulation  of  plant 
growth  was  evident  near  the  transects. 

Measurements  on  four  of  five  0.96  ft-  (0.29  m-)  circular  plot  transects  inside  the  360-acre  Upper 
Slide  Lake  exclosure  showed  a  decrease  in  vegetation  and  litter  of  6  percent  after  3  years  on  one 
transect  and  an  increase  of  2  percent  after  6  years  on  three  transects. 
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Thornton  (1969,  unpiihl.  ref.)  evaliialed  site  potentials  and  condition  and  trend  within  the  Upper 
Slide  Lake  soil  and  watershed  exelosure,  including  seeding  and  lerlili/ation  trials,  shrub  jilantings, 
and  contour  trenching.  He  determined  that  "moisture  supplies  in  the  mineral  manlle  ot  the  south 
and  southwest  slopes  may  not  be  replenished  to  maximum  capacity  dining  the  spring  period.  I  his 
imposes  a  direct  limiting  effect  on  vegetation  production  regardless  of  the  productivity  potenliai." 
The  data  suggested  that  the  sparse  ground  cover  was  an  inherent  characteristic  ol  the  site.  1  hornlon 
believed  that  elimination  o\'  all  grazing  on  south,  southwest,  and  west  slopes  would  probably  noi 
result  in  establishment  of  more  dense  ground  cover.  After  8  years  protection,  no  change  was 
detected  on  sites  with  very  poor  to  fair  productivity  potential,  which  included  much  o\  the  area,  im- 
proved plant  vigor  and  buildup  of  litter  was  found  on  more  productive  sites  that  had  iiood  soil 
moisture.  Excepting  localized  sites  on  contour  trenches,  browse,  grass  and  forb  plantings,  and 
seedings  failed.  Contour  trenching  was  determined  to  be  impractical,  uneconomical,  and  unsuc- 
cessful. Fertilization  trials  probably  caused  some  initial  but  not  lasting  response. 


Table  ^. -Condition  and  trend  studies  on  Gros  Ventre  River 
and  East  Refuge  winter  ranges 


study 

Individual  species  plots 
and  charted  quadrats 


0.75  acre  (0  30  tia)  ex 
closure 


Canfield  line  intercept 
transects 


30x30  It  (9  1x9.1  m) 
experimental  reseeding 
exelosure 


Year 
estab- 
lished 


Location 


1920s  Livestock  and  game 

range  on  Teton  Forest 


1939    Above  Upper  Slide  Lake 
E    ';.  SE.  '.,  Sec.  20. 
T   42  N  .  R    112  W 

1942    At  ttireequarter  acre 
exelosure. 


1939    Above  Upper  Slide  Lake: 
SE    '.,  S   20.  T.  42  N.. 
R    112  E 


Description 

Several  dozen  quadrats  establisti 
ed.  Only  a  tew  relocated  No 
usable  information- 


Dismantled  NovK  within  360  acre 
(146ha)  Upper  Slide  Lake  soil  and 
watershed  exelosure 

Sixteen  transects  originally  — 8  in- 
side. 8  outside  All  but  2  transects 
fenced  within  360  acre  (146ha) 
Upper  Slide  Lake  exelosure  in  1960 

Fenced  within  360  acre  (146  ha) 
Upper  Slide  Lake  exelosure  in  1960. 


Camera  stations 

1  acre  (0  40  ha)  exelosure 
Parker  3  step  transect 


360-aere  (146.ha)  Upper 
Slide  Lake  soil  and  water 
shed  exelosure 

Parker  3step  transects 


Camera  points 

Parker  3-step  transects 
3.aere  (1  2ha)  exelosure 

Parker  3-step  transects 


0.96  If  (0.29  m') 
circular  plots 


0.96  It-  (0.29  m) 
circular  plots 


3x3  ft  (0.91x0.91  m) 
photo  chart  quadrats 


1939    At  1939  exclosures 


1948    Coal  Mine  Draw   S   28. 
T.  42  N.,  R   112  W 

1951     At  Coal  Mine  Draw  ex 
closure.  S.  28,  T   42  N  . 
R.  112  W. 


Seven  camera  stations;  5  at  0.75  acre 
(0  30  ha)  exelosure  and  2  at  30x30  It 
(9.1x9  1  m)  exelosure. 

Exelosure  in  place 


Four    transects    inside    and    2    outside 
exelosure   Not  reliable  for  trend 


1960    Upper  Slide  Lake  soil  and  Exelosure    in    place     Elk    and    moose 

watershed  project  have   entered   periodically   over   drifted 

S   20.  T   42  N  .  R   112  W  snow   Some  use  also  by  deer 

1954    Upper  Slide  Lake  soil  and  Two   transects    Discarded  during   1968 

watershed  exelosure   S.  20.  screening     for     accuracy     evaluation. 
T.  42  N,.  R    112  W. 


1960,  Upper  Slide  Lake  soil  and 

1961.  watershed  exelosure 
1962    S.  20,  T.  42  N..  R   112  W 

1951.    Various  locations  on  Gros 
1954    Ventre  River  winter  range. 

1960    On  Forest  east  ol  Natl. 

Elk  Reluge   S.  3.  T.  41  N  . 
R.  115  W 

1952    Same  as  above 


1959,    Vicinity  ol  Alkali  Cr.  leed 
1961,    ground   S   23,  T   42  N  , 
1966     R    113  Vi?    Vicinity  ol  Fish 

Cr   feedground,  S   12, 

T.  41  N.,  R.  112  \N 

1963    360acre  Upper  Slide  Lake 
exelosure 


1969    Coal  Mine  Draw  locality 
S   21  &  28.  T   42  N  . 
R    112  W 


Forty  three  photos  taken  from  22 
locations  within  exelosure  Provide 
visual  evidence  ol  trend 

Total  ol  19  transects  All  are  unreli 
able  for  determining  trend 

Exelosure  3  has  excluded  ungulates 
since  1960 


Nine  transects  inside  and  outside  ex. 
closure  3.  Five  determined  reliable  for 
measure  trend  Three  are  inside  exclos 
ure,  two  are  outside 

Ten  transects  ol  10  plots  each  above 
Alkali  Cr  Three  transects  ol  10  plots 
each  established  in  1966  above  Fish 
Cr   feedground.  Not  remeasured 


Five  transects  ol  10  plots  each 
Measurements  3-6  years  alter  installa 
lion  indicated  no  trend  in  bare  ground 
or  vegetal  production 

Twelve  quadrats  placed  randomly  over 
an  area  of  about  1  mi'  in  vicinity  ot  and 
above  Coal  Mine  Draw  exelosure 
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Ciriiell.  Cicortic  F. 

1980.  lire's  iiiriucncc  on  vvildlitc  liahital  on  llic  Bridsicr- 1  olon 
National  lorcsi,  Wyoming.  Voliniic  Il^Changcs  and 
causes,  management  implications.  USI3A  For.  Serv.  Res. 
Pap.  INT-252,  35  p.  Inlermt.  lor.  and  Range  ['xp.  Stn., 
Ogden,  Utali  84401. 

Provides  inlormalion  on  wildlite  habitat  condition  and  trend  on  tlie 
Bridger-Telon  National  Forest  in  the  .lackson  Hole  Region  olW  \oming 
by  analysis  of  broad  plant  communities.  Visual  evidence  o\'  condition 
and  trend  are  provided  in  vt>lume  I,  Fhe  I^hoto  Record.  Management 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation   with   Utah   State 

University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 


A  comparison  of  use  patterns  and  visitor  characteristics  among 
nine  wilderness  and  other  roadless  areas  showed  similarities  for 
many  characteristics  and  sharp  differences  for  others.   Differences 
were  most  pronounced  for  use  patterns,  such  as  length  of  stay, 
method  of  travel,  and  activities,  and  were  least  noticeable  for 
visitors'  attitudes  and  preferences.   Overall,  satisfaction  was 
high,  but  many  visitors  felt  that  conditions  were  deteriorating. 
Use  controls  and  only  minimal  levels  of  development  were  supported. 
Visitors  to  the  heavily-used  California  study  area  showed  some 
adjustment  of  preferences  for  solitude  levels  compared  to  visitors 
to  the  relatively  lightly-used  Northern  Rocky  Mountains  areas.   The 
overall  pattern  of  responses  suggests  &  need  for  a  range  of  dispersed 
recreation  opportunities  outside  wilderness,  and  for  wilderness 
management  that  emphasizes  managing  use. 
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INTRODUCTION 

IVikleniess  is  intended  to  preserve  iiatur;il  conditions  and  out  st  and  i  n<',  o|)poi-t  un  i  t  i  es 
for  solitude.  ["or  areas  classified  under  the  Wilderness  Act  (Public  i-iu  .sS-riTT")  this  is 
a  legal  requirement. 

Sustained,  rapid  i;rowth  in  the  I'ccreational  use  of  wilderness  lands  threatens  the 

jn'eservat  ion  of  lioth  naturalness  and  solitude.   Many,  if  not  most,  aix-as  liave  locations 

where  impacts  on  soil  and  vegetation  are  severe  and  where  visitoi's  sometimes  are  ci-owd(.'d 
bex'ond  an\'  possible  definition  of  solitude. 

Visitor  management  is  increasingly  essential  in  this  situation.   Within  the  wilder- 
ness SN'Stem,  extensive  development  of  structures  and  facilities  to  handle  growing,  use 
pressures  is  inappropriate.   The  main  approach  must  be  through  management  ot"  use, 
including  such  things  as  modifying  numbers  of  visits,  lengths  of  stay,  timing  of  use, 
geographical  distribution  of  use,  party  size,  method  of  travel,  activities,  anel  visitor 
behavior  (Lucas  1975). 

Knowledge  of  visitors  and  their  use  of  wilderness  is  essential  for  management.   This 
is  especially  true  if  management  attempts  to  be  as  light  handed  and  unobtiaisive  as 
possible.   In  contrast,  autiioritarian  regulations  could  be  imposed  without  much  knowledge 
of  visitors'  activities  and  desires.   I'or  example,  a  manager  could  determine  tlie  maximum 
numbers  of  campers  at  each  camping  location  and  just  assign  visitors  to  camp  at  parti- 
cular places  to  match  the  established  capacities.   If  managers,  however,  seek  to  iireserve 
as  much  visitor  freedom  as  possible--a  basic  principle  of  wilderness  management  (Lucas 
19731--then  understanding  visitors  becomes  more  necessary.   For  example,  the  managers 
might  establish  the  same  camping  capacities  mentioned,  but  tr\'  to  influence  and  encourage 
visitors  to  shift  use  patterns  by  providing  them  with  information  on  congestion,  on 
alternative  places  to  camp,  and  on  other  times  to  visit  the  area.   To  make  this  t_\-]K'  of 
wilderness  management  work,  knowledge  of  use  patterns,  timing  of  use,  and  of  attractions 
that  draw  visitors  would  be  necessary.   This  information  might  indicate  that  controls 
would  still  be  needed  at  some  times  and  places,  but  regimentation  would  not  be  imposed 
except  where  it  was  unavoidable. 

Thus,  better  knowledge  can  increase  the  professionalism  of  wilderness  management  and 
raise  the  cjualit)'  of  the  services  tiiat  wilderness  provides  the  public. 

Knowledge  of  wilderness  use,  however,  has  been  sketchy.   Information  has  been  avail- 
able only  for  a  few  areas  and  for  widely  separated  time  periods.   Most  use  surve\'s  cover 
only  summer  use.   Much  of  the  data  on  wilderness  visitors  has  been  based  on  small  samples, 
often  with  weak  or  undefined  sampling  designs.   Some  studies  have  described  individual 
visitors  and  others,  groups.   Comparability  has  been  further  reduced  by  wide  variation  in 
kinds  of  data  collected,  definitions  used,  and  categories  foi"  classif>-ing  responses.   I'or 
example,  almost  every  study  has  reported  data  on  visitor  incomes,  but  each  lias  used 
different  income  categories  (Stankey  1970). 

BASELINE  SURVEY  CONCEPT 

The  shortcomings  in  needed  wilderness-user  information  just  described  led  to  the 
planning  of  this  baseline  visitor  survey.   The  objective  of  the  survey  was  to  collect 
comprehensive,  comparable  data  on  visitors  to  a  number  of  wildernesses  and  to  some  simi- 
lar areas  not  classified  as  wilderness. 

i 

[      Information  to  be  collected  included: 

1.   Types  of  use--characteristics  of  the  visit  itself,  including  such  factors  as 
activities,  methods  of  travel,  season  of  use,  length  of  stay,  distance  traveled,  and 
camping  practices. 
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2.  Characteristics  of  visitors--for  example,  types  of  groups,  previous  experience, 
residence,  and  socioeconomic  descriptions. 

3.  Visitor  attitudes,  such  as  reasons  for  wilderness  visits,  satifaction  and 
related  factors,  and  desirability  of  various  policies  and  management  actions. 

The  survey  was  intended  to  serve  five  purposes: 

1.  To  aid  managers  in  planning  for  each  study  area; 

2.  To  help  develop  overall  management  policies  for  wilderness  based  on  knowledge 
of  differences  and  similarities  between  areas; 

7>.      To  establish  a  base  for  future  measurement  of  trends; 

4.  To  aid  in  the  selection  of  research  problems  and  study  areas;  and 

5.  To  help  guide  the  application  of  results  of  future,  more  specific  studies  from 
the  areas  studied  to  other,  similar  areas. 

These  five  objectives  also  are  guiding  plans  for  a  similar  survey  of  visitors  to 
a  nationwide  sample  of  areas  in  the  wilderness  system,  probably  in  1983.   Most  of  the 
areas  that  were  included  in  this  study  will  be  studied  again  to  capitalize  on  the 
information  base  that  has  been  developed. 

STUDY  AREAS 

The  baseline  survey  has  been  completed  on  nine  areas  (table  1),  all  of  which  are 
within  National  Forests.   Seven  of  the  areas  are  now  classified  as  Wilderness  under  the 
Wilderness  Act--the  Desolation,  Bob  Marshall,  Cabinet  Mountains,  Selway-Bitterroot , 
Mission  Mountains  (a  Primi':ive  Area  when  the  study  was  conducted).  Great  Bear,  and 
Scapegoat.   The  last  two  were  unclassified  areas  when  they  were  studied,  but  were 
later  designated  as  Wilderness.   The  Spanish  Peaks,  a  Primitive  Area,  is  awaiting  possi- 
ble classification  as  Wilderness.   Tlie  Jewel  Basin  Hiking  Area  is  a  roadless  recreation 
area  classified  by  the  Regional  Forester  under  the  Scenic  Area  authority. 

Table  I. --Size   and   recreational    use  of  baseline   survey  study  areas 

Visitor- 
Ar ea Size Recreational  use         days/acre 

(1,000   acres)  (1 

Desolation   Wilderness    (California) 

.Icuel    Basin   llikinj;   Area    (Montana) 

Mission   Mountains   Wilderness 

(Montana)  74  47  .64 

Spanish  Peaks  Primitive  Area 

(^k)ntana)  51  15  .29 

(iabmet    Mountains   Wilderness 

(.\knUana|  94  20  .21 

Seluay-liitt  erroot    Wi  Idcrncss 

(Idaho-Montana)  1,244  196  .16 

Bob  Marshall    Wilderness 

(Montana)  950  142  .15 

Scapegoat  Wilderness  (Montana)  240  41  .17 

Great  Bear  Wilderness  (Montana)^  286  26  .07 


(1,000   acres) 

(1,000   visitor-days)  ^ 

64 

299 

4.67 

15 

10 

0.67 

MJse  figures  are  for  1976  and  are  from  annual  I'orest  Service  wilderness  use  reports,  except 
use  figures  for  the  Great  Bear  Wilderness,  which  are  for  1974  and  are  from  the  Forest  Service's 
Northern  Uegioii  (Region  1)  files. 

'-Use  data  are  based  on  a  374  .OOll-acre  study  area. 


All  of  the  areas  are  in  the  Northern  Rocky  Mountains,  except  the  Desolation  IViUler 
ness,  which  is  in  the  Sierra  Nevadas  in  California  (fig.  IJ. 
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Figure    l.--The   nine    study  areas, 


Size 

The  areas  vary  greatly  in  many  ways.   In  size,  they  range  from  two  of  the  largest 
wildernesses  in  the  system,  to  cjuite  small  (table  1).   Tlie  Sel  wa)'-Bi  tterroot  and  Bob 
Marshall  are  both  around  a  million  or  more  acres  (about  lOU  000  hectares').   l-'ive  areas 
are  under  100,000  acres  (about  40  000  hectares)  and  the  .Jewel  Basin  Hiking  Area  is  onl>- 
about  15,000  acres  (6  000  hectares  or  less  than  24  mi").   Three  areas--the  ik)b  Marshall 
Great  Bear,  and  Scapegoat--are  contiguous  and  together  total  over  1,47S,000  acres 
(600  000  hectares). 


II 


Use 

The  intensity  of  recreational  use  varies  enormously,  from  over  one-third  of  a 
million  visitor-days  in  the  Desolation  Wilderness  down  to  10  to  20  thousand  visitor-days 
in  several  other  areas.   Because  of  the  large  variation  in  size  between  areas,  total  use 
per  area  is  not  a  comparable  figure;  therefore,  visitor-days  per  acre  are  presented  to 
achieve  comparability  (table  1).   Smaller  areas  have  more  use  per  acre  than  larger 
areas.   The  five  most  intensely  used  areas  are  all  under  100,000  acres,  whereas  the  four 
least  intensely  used  are  all  over  200,000.   The  range  of  variation  in  use  intensity  is 
over  65  to  1.   This  is  a  tremendous  range,  even  when  differences  in  other  factors 
between  the  areas,  such  as  level  of  development  of  trail  systems,  numbers  of  camping 
sites  per  unit  of  area,  and  abundance  of  lakes,  are  taken  into  account.   If  intensity 
of  use  is  related  to  types  of  use,  characteristics  of  visitors,  or  visitors'  attitudes, 
a  comparison  of  these  areas  with  their  sharply  varying  use  intensities  should  reveal  it. 

The  type  of  use  also  varies  considerably  among  the  areas.  This  will  be  discussed 

in  detail;  but,  for  example,  horse  users  are  in  the  majority  in  one  area,  are  common 

in  several  other  areas,  and  are  absent  in  one  area.   Some  areas  are  used  mainly  on  a 

day-use  basis;  others  are  used  for  longer  trips.   Several  areas  are  major  hunting 
grounds  but  several  others  have  very  little  hunting. 

Attractions 

All  of  the  areas  contain  high  mountains  and  beautiful  scenery.   Figures  2  through  10 
show  fairly  typical  scenes  of  attractions  in  each  area.   All  areas  have  lakes;  they  are 
common  in  the  Desolation  Wilderness,  the  Mission  Mountains  Wilderness,  and  the  Jewel 
Basin  Hiking  Area  and  fairly  common  in  the  Spanish  Peaks  Primitive  Area  and  Cabinet 
Mountains  Wilderness.   Lakes  are  found  in  large  numbers  in  several  parts  of  the  Selway- 
Bitterroot  Wilderness;  but,  in  most  of  that  area,  as  in  most  of  the  Bob  Marshall, 
Scapegoat,  and  Great  Bear  Wildernesses,  lakes  are  scarce.   Good-sized  rivers  with  some 
river-floating  recreation  are  found  in  the  Selway-Bitterroot,  Bob  Marshall,  and  Great 
Bear  Wildernesses. 


National  Reputation 


National  awareness  and  recognition  also  varies  widely.   The  Bob  Marshall  Wilderness 
probably  is  the  most  widely  known  of  the  nine  study  areas.   It,  along  with  the  Boundary 
Waters  Canoe  Area,  is  one  of  the  best  known  of  all  National  Forest  Wildernesses.   The 
Selway-Bitterroot  Wilderness  probably  is  the  next  most  widely  recognized  Wilderness, 
followed  by  the  Desolation.   At  the  other  extreme,  the  Cabinet  Mountains  Wilderness  and 
the  Jewel  Basin  Hiking  Area  are  not  well  known  even  in  their  own  region.   The  other  areas 
seem  to  be  intermediate  in  national  reputation. 


Location  Relative  to  Population 


The  Desolation  Wilderness  is  within  a  3-  or  4-hour  drive  of  millions  of  people  in 
the  San  Francisco  Bay  area  of  California,  and  so  has  a  potential  for  heavy  use.   The 
Montana-Idaho  areas  are  far  from  population  concentrations.   Most  of  these  areas  are 
close  to  small  cities  (with  populations  of  about  50,000)  and  to  smaller  tovvns.   The 
Selway-Bitterroot  is  accessible  to  the  Spokane,  Washington,  metropolitan  area  (with  a 
population  over  200,000). 
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igure  2 


-The  Desolation  Wilderness  hris  much  bare  rock  and  open  landscapes  that  make 
crosscountry  travel  relativel)'  easy. 
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igure    3. --The   Selway-Bitterroot    Wilderaiess   1ms   peripheral    areas   with    attractive    l;ik(^s 
such   as    Big   Creek    Lakes    seen   liere    from   nc-ar    the    Idaho  •  Mont  ana    bonier. 


Figure  4. --The  Bob  Marshall  Wilderness  includes  low  elevation  valleys,  such  as  the 
South  Fork  of  the  Flathead  River  shown  here,  as  well  as  high  mountain  peaks. 


igure  5. --The  Cabinet  Mountains  Wilderness  consists  mainly  of  high  mountain  country, 
with  lakes  such  as  Wanless  Lake,  featured  here. 


Figure  6. --The  Scapegoat  Wilderness  adjoins  the  Bob  Marshall  Wilderness  and  has  similar 

landscapes. 


Figure  7. --The  Mission  Mountains  Wilderness  is  largely  rugged,  high  mountain  countrv 
With  many  lakes,  such  as  Turquoise  Lake  in  this  photo. 


Figure  3. --The  Spanish  Peaks  Primitive  Area  has  much  steep,  high  country  and  a  number 

of  lakes. 


Figure  9. --The  Great  Bear  Wilder- 
ness is  centered  on  the  Middle 
Fork  of  the  Flathead  River. 
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Figure  10. --The  Jewel  Basin  Hiking  Area  eontains  numerous  high  mountain  lakes.   (Part 
of  the  Great  Bear  Wilderness  is  showi  in  the  distanee,  to  the  east  of  the  hiking  area. 


STUDY  METHODS 


The  baseline  study  relies  on  survey  research  methods  specially  adapted  to  the 
wilderness  situation.   The  study  covered  summer  and  fall  use,  except  in  the  Desolation 
Wilderness  where  the  entire  year  was  sampled.   Except  in  Desolation,  sampling  began 
about  the  third  week  in  June  and  continued  until  late  November.   The  Desolation  Wilder- 
ness was  studied  in  1972,  the  Selway- Bitterroot  in  1971,  and  all  other  areas  in  197tl. 

A  copy  of  the  questionnaire  used  in  all  areas  is  included  in  the  appendix.   There 
were  only  small  changes  in  the  questionnaire  used  in  different  areas.   Tiie  term  "back 
coimtry"  replaced  "Wilderness"  in  references  to  areas  not  classified  as  Wilderness  oi- 
Primitive  Area;  a  map  of  the  specific  area  was  used;  and  a  few  ipiestions  were  added  oi- 
deleted  in  the  section  that  investigated  attitudes  abcnit  management  practices  and  poli- 
cies.  For  example,  in  tlie  Jewel  Basin  Hiking  Area  no  horse  use  is  allowed;  so  (|ues- 
tions  about  horses  were  deleted.   In  tlie  Se  1  way-Bi  tterroot  ,  where  there  ai'o  se\'iral 
public  airplane  landing  fields,  a  question  aliout  them  vas  atPJeil. 

Mail  questionnaires  were  chosen  for  this  study.   Mail  quest  ioiuia  i  res  ha\-e  several 
advantages  and  one  major  disadvantage.   .^dvantages  include  larger  samples  at  less  cost; 
avoidance  of  demands  for  large  amounts  of  respondents'  time  in  the  field  wlien  people  ai'c 
often  tired  and  behind  schedule  and  the  weather  may  be  uncomfortable;  elimination  oi" 
interviewer  bias;  better  control  of  sample  size  tlian  with  field  interviewing,  and  statis- 
tical efficiency  because  cluster  samjiling  can  be  avoided  or  controlled  (i.ucas  and  Oltinaii 
1971)  . 


The  one  major  disadvantage  that  afflicts  most  surveys  using  mail  questionnaires  is 
the  low  rate  of  return  of  questionnaires.   Pretests  in  1969  indicated  that  high  rates  of 
return  (about  90  percent)  could  be  attained  in  surveys  of  wilderness  visitors  (Lucas  and 
Oltman  1971)  and  our  experience  in  this  study  confirmed  this  (table  2).   Rates  of  return, 
based  on  questionnaires  delivered  to  persons  who  were  part  of  the  target  population 
(that  is,  16  years  or  older  and  who  actually  entered  a  study  area),  varied  among  areas  fro 
87  to  95  percent  (table  2).  The  overall  average  rate  of  return  was  91  percent.   Including 
undeliverable  questionnaires  and  those  returned  by  people  outside  the  target  population 
only  lowered  the  rate  of  return  to  89  percent. 

Table  2. --Rate  of  return  of  mail   questionnaires   and   sample  size 


Area 


Number  of 
questionnaires 
mailed 


Number 
undeliverable -^ 


Completed   Percent 

and    deliverable 
returned    returned 


Desolation  Wilderness 


350 


11 


295 


87 


Selway-Bitterroot  Wilderness 
Bob  Marshall  Wilderness 
Cabinet  Mountains  Wilderness 
Scapegoat  Wilderness 
Mission  Mountains  Wilderness 
Spanish  Peaks  Primitive  Area 
Great  Bear  Wilderness 
Jewel  Basin  Hiking  Area 
TOTAL 


466 
143 
266 

325 
375 
477 
84 
291 
2,777 


10 

398 

87 

4 

125 

90 

4 

244 

93 

4 

299 

93 

12 

341 

94 

22 

419 

92 

0 

78 

93 

5 

271 

95 

72 

2,470 

91 

^Questionnaires  returned  by  post  office, 


Up  to  five  mailings  were  sent  if  a  response  was  not  received  earlier,  but  the  first 
mailing  produced  returns  from  59  percent  of  the  sample  visitors  (table  3).   Successive 
mailings  contributed  smaller  and  smaller  additions  to  the  response,  but  in  total  yielded 
returns  from  another  third  of  the  sample  (table  3) .   Although  the  returns  of  the  fourth 
and  fifth  mailings  were  small,  they  helped  reduce  bias  caused  by  nonresponse.   This 
seems  to  be  particularly  true  because  late  respondents  gave  different  answers  to  some 
questions  than  early  respondents.   For  example,  respondents  to  the  final  mailing  were 
less  well  satisfied  and  less  highly  educated  than  earlier  respondents.   Whether  this 
small  reduction  in  bias  is  worth  the  added  costs  cannot  be  objectively  determined,  but 
at  least  three  mailings  seem  to  be  desirable. 
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Table  7>.  --Questionnaire   returns   by   number  of  mailings   required ,    all    studi;  areas   combi ncd 

Return  as  Return  as 

Number       Number       a  percent  a  percent  Cumulative 

Mailing    delivered^ returned of  mailing  of  first  mailing  l^eturn 

1,598           S9  59  59 

519           47  19  78 

2U6           35  8  8() 

82           21  5  89 

65           22  2  91 

'Questionnaires  returned  by  the  post  office  are  omitted. 


1 

2,705 

2 

1,107 

3 

588 

4 

382 

5 

500 

Source  of  Samples 


Obtaining  a  list  of  wilderness  visitors  from  which  to  draw  a  samjile  for  a  mail 
survey  is  difficult.   At  least  five  approaches  can  be  used,  but  each  has  problems 
discussed  below. 

1.  Self-registration  stations  on  trails  can  be  used,  but  they  are  ignored  by 
many  visitors  and  particularly  by  horse  travelers;  so  an  incomplete  and  biased  list 
results  (Lucas  1975).   Thus,  nonregi strants  should  be  sampled  in  some  way.   Furthermore, 
one  person  registers  for  the  entire  group.   Group  leaders  differ  from  other  part\'  members 
in  many  ways  (for  example,  age,  sex,  experience,  and  occupation),  although  attitudes 
tend  to  be  homogeneous  in  groups  (Jubenville  1971). 

2.  Wilderness  permits  replace  trail  registers  in  some  areas  (the  Desolation 
Wilderness  was  the  only  one  of  the  nine  study  areas  witli  a  permit  system  at  the  time 
of  the  study).  Permits  usually  result  in  a  higher  compliance  rate  and  more  unbiased 
representation  of  various  types  of  visitors,  such  as  horsemen,  than  trail  registers. 
Permits,  li]<e  trail  registers,  refer  to  only  one  person  per  ]xirty,  not  to  individual 
visitors. 

5.   Commercial  outfitters  sometimes  are  required  to  keep  lists  of  their  guests 
who  could  be  sampled,  provided  overlap  with  other  sources  can  be  avoided. 

i       4.   Personal  contact  in  tlie  field  at  traillieads  results  in  most  of  the  problems 
associated  with  personal  interviews  (small,  uncontrolled  highl\-  clustered  samples,  and 
high  costs),  but  avoids  nonregistrant  bias. 

5.   Personal  contact  at  roadside  checkpoints  can  enlarge  the  sample  if  one  road 
provides  access  to  several  trailhcads,  but  some  traffic  ma)'  not  consist  of  wilderness 
visitors;  so  screening  is  necessary. 

All  of  these  methods  or  variations  of  them  were  used  to  some  extent  in  tlie  base- 
line surve>',  depending  i>n  variations  in  tlie  situation,  as  descfibed  lu'low. 
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SPECIAL  REGISTRATION  STATIONS 

Tlie  most  widely  used  approach  was  a  special  trail  register.   These  registration 
stations  were  portable  (fig.  11).   Each  had  a  sign  that  informed  visitors  that  a  research 
study  was  under  way  and  requested  each  person  16  years  of  age  or  older  to  write  his  or 
her  name  and  address  on  a  card  (one  card  per  group)  for  possible  inclusion  in  the  study. 
The  minimum  age  of  16  was  set  to  assure  sufficient  reading  skill  to  deal  with  a  mail 
questionnaire,  not  because  we  lacked  interest  in  the  activities  or  attitudes  of  younger 
visitors. 

Visitor  cooperation  was  excellent  and  registration  rates  far  exceeded  those  at 
conventional  trail  registers  (Lucas,  Schreuder,  and  James  1971;  Lucas  1975).   Sample 
observations  indicated  that  about  94  percent  of  the  hikers  observed  registered  and  about 
67  percent  of  the  horse  travelers. 

Nonregistrants  were  contacted  on  some  trails  on  sample  days  to  provide  a  basis  for 
overcoming  biases  due  to  their  absence  from  the  special  register  lists.   This  bias  could 
be  serious.   Pilot  test  results  indicated  that  for  some  socioeconomic  variables  (educa- 
tion, age,  and  occupation),  the  nonregistrants  differed  significantly  from  the  regis- 
trants at  the  O.dOl  level  as  tested  by  chi-square. 


Figure  11. --A  t>j)ical,  por- 
table registration  station 
used  in  the  studv. 
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Observers  sat  alons^side  the  trail  far  eiu>u;:;h  heyoiul  the  '-.pccial  I'c!'.  i  st  rat  i  on  -t  ation 
to  be  inconspiciunis  but  close  enough  to  allow  them  to  sec  i  i'  visitoi-s  i"c;.'.  i  :.t  nxil  .   It' 
visitors  did  not  register,  the  oliserver  stop]ied  the  jiai-t)'  and  asked  l"or  namrs  and 
addresses  after  explainLiiL;  tliat  a  survc)'  was  bcins^  conducted.   Thi^;  jinici'dui-c  inij'.ht 
seem  likel\'  to  arouse  some  resentment  from  visitors  but  apparent  1\-,  it  did  not;  all 
visitors  cooperated  without  apparent  hostility. 

The  special  registration  stations  were  used  at  slightl\'  diffcixait  t\p(.s  ot'  trail- 
hcads  in  l'J7i1  than  in  1971.   In  1970,  the  special  stations  wci'e  used  on  all  trails  in 
Montana  study  areas  where  horse  use  was  onl)'  a  small  iiro|H)rtion  of  all  use.   I'lccausu 
registration  rates  for  horse  users  were  poor  in  the  pilot  stud\'  (SO  perct-'iit  in  the 
summer  and  only  12  percent  in  the  fall],  an>'  trail  that  the  area's  managers  estimated 
had  at  least  20  percent  of  tlie  visitors  using  horses  was  sam|iled  b_\'  personal  contact. 
A  field  worker  contacted  every  party  entering  or  leaving  at  sample  trailheads.   Visitor 
cooperation  was  complete  in  this  case  also. 

In    1971,  in  tlie  survey  of  the  Selway-Bi  tterroot  Wilderness,  the  procedure  was 
changed  and  special  stations  were  used  regardless  of  the  level  of  horse  use.   Tliere  were 
two  mam  reasons  for  the  change.   First,  1970  cliccks  on  registration  responses  where 
special  stations  were  used  indicated  better  compliance  by  horsemen  than  in  the  jiilot 
test--06  percent  compared  to  18  percent  in  the  pilot  test.   Second,  1970  exjierience  witli 
direct  contacts  in  the  field  painfully  emphasized  how  mucli  effort  was  required  for  even 
small  samples.   We  realized  we  could  use  the  time  that  would  have  been  spent  making 
direct  contacts  to  clieck  on  registration  at  special  stations.   Sample  size  would  be 
increased  substantially  through  visitor  registrations  at  times  when  no  one  would  liave 
been  jirescnt  for  direct  contact.   Also  statistical  efficiency  gains  could  be  made 
through  reducing  the  degree  of  clustering  in  the  samples. 

DIRECT  CONTACTS  AT  TRAILHEADS 

Direct  field  contacts  were  used  in  1970,  where  liorse  use  was  significant.   Included 
were  all  trails  into  the  Bob  Marshall  and  the  Great  Bear  Wildernesses,  and  some  trails 
into  the  Scapegoat  Wilderness  and  Spanish  Peaks  Primitive  Area.   A  field  worker,  present 
at  sample  trailheads  from  about  8:00  a.m.  to  4:00  p.m.  on  sample  da\-s ,  contacted  ever>' 
party  entering  or  leaving  to  obtain  names  and  addresses  of  all  peojile  10  _\'ears  of  age  or 
older.   The  field  workers  traveled  and  lived  in  a  jnckup  cam]")er.   They  often  camped  at 
trailheads  and  voluntarily  contacted  some  parties  that  arrived  before  or  after  the 
checking  period. 

DIRECT  CONTACTS  ON   ROADS 

All  trailheads  along  tlie  southern  boundary  of  the  Selwa\'-Bitterroot  Wilderness  are 
reached  by  one  road,  which  has  only  minor  nonrecreat iona 1  traffic  and  a  small  amount  of 
travel  by  recreat ionists  who  do  not  enter  the  Wilderness.   Therefore,  exiting  traffic 
was  checked  on  this  road  on  a  sample  basis  to  obtain  a  list  of  visitors.   Checking  was 
normally  done  from  about  11:00  a.m.  to  b:00   p.m.;  but  some  additional  contacts  were  made 
with  vehicles  that  left  before  or  after  checking  hours.   Warning  signs  alerted  drivers 
to  slow  down  and  prepare  to  stop.   This  procedure  worked  well  and  drivers  cooperated 
fully. 

OUTFITTER  GUEST  LISTS 

In  the  Selway-Bitterroot ,  outfitters  entering  through  the  Clearwater  National 
Forest  portion  of  the  Wilderness  (the  northern  edge)  reported  the  names  o\'   their  g.uests 
as  part  of  the  procedure  for  determining  special  use  permit  fees.   The\-  agreed  to  also 
provide  addresses  for  the  study.   Outfitters  and  guests  were  excused  I'rom  registering  at 
the  special  registration  stations  to  avoid  sample  overlapipi  ng.   Some  outi'itters  forg.ot 
to  keep  records,  but  generally  the  approach  worked  well. 
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WILDERNESS  PERMITS 

The  Desolation  Wilderness  in  California  requires  permits  for  all  visits  (the 
only  study  area  to  do  so)  and  these  permits  were  sampled.   This  sample  source  means 
information  on  the  visitors  to  the  Desolation  Wilderness  is  not  fully  comparable  to  that 
from  the  other  areas.   The  sample  is  based  on  groups  only.   As  will  be  pointed  out  in 
the  presentation  of  different  types  of  visitor  information,  comparability  is  good  for 
some  variables,  such  as  length  of  stay,  party  size,  activities,  and  routes;  fairly  good 
for  attitudes;  but  poor  for  personal  and  socioeconomic  data.   Permits  were  used  as  a 
compromise,  although  the  loss  of  full  comparability  was  recognized,  because  they  were  an 
efficient,  inexpensive  sample  source  and  because  resources  for  the  special  registration 
system  and  nonregistrant  field  checking  were  not  available.   Also,  if  permits  are  used 
more  widely  in  the  future,  a  shift  to  permits  as  a  survey  base  seems  likely.   One  major 
advantage  is  the  ease  of  drawing  simple,  random  samples  for  which  confidence  intervals 
are  easy  to  calculate,  as  contrasted  to  complex,  cluster  samples  for  which  confidence 
intervals  are  painfully  difficult  to  calculate. 

Desolation  visitors  who  did  not  get  permits  were  not  sampled,  so  some  unmeasured 
bias  is  probably  present.   (Compliance  was  estimated  at  about  60  percent.-^)   Certainly, 
if  permits  are  used  as  a  sampling  source  in  the  future,  compliance  should  be  field 
checked  and  a  sample  of  noncompliers  obtained,  unless  it  is  known  that  compliance  is 
high.   Because  we  were  unable  to  check  compliance  in  the  Desolation,  caution  must  be 
used  in  comparing  results.   Only  substantial  differences  should  be  treated  as  meaningful. 

Group  and  Individual  Frames  of  Reference 

For  all  the  areas  except  the  Desolation  Wilderness,  data  can  be  presented  either 
for  individuals  (16  years  of  age  or  over)  or  for  groups.   This  was  achieved  by  tagging  one 
randomly  selected  respondent  from  each  group  and  using  only  those  respondents  for  basic 
descriptive  data  that  logically  refer  to  the  group.   Examples  include  group  size,  route 
of  travel,  length  of  stay,  and  method  of  travel.   Other  variables,  such  as  personal 
socioeconomic  data,  activities,  and  attitude,  were  tabulated  on  an  individual  basis.   A 
few  variables,  such  as  length  of  stay,  are  worth  looking  at  from  both  perspectives.   For 
the  Desolation  Wilderness,  as  previously  mentioned,  only  a  group  frame  of  reference  is 
possible. 


Sample  Design 


The  sample  design  is  complex.   The  basic  problems  involved  in  sampling  wilderness 
visitors  unfortunately  dictate  complex  sample  designs  (Lucas  and  Oltman  1971).   The  full 
details  of  the  sampling  design  may  be  requested  from  the  author.^   The  general  plan  was 
to  give  every  visitor  to  each  study  area  the  same  chance  to  be  sampled  as  every 
other  visitor  to  the  same  area.   We  did  not  try  for  the  same  intensity  of  sampling  in 
every  area;  so  the  samples  from  different  areas  cannot  be  combined  without  weighting. 
Within  any  area,  however,  all  visitors  had  an  equal  chance  to  be  included  in  the  survey. 
Comparisons  between  different  parts  of  the  sample  (for  example,  comparisons  of  summer 
and  fall  visitors)  are  simple  and  straightforward. 


^Intensive  permit  compliance  checking  in  1974  produced  estimates  of  67  percent 

compliance  overall,  40  percent  by  day-users,  and  72  percent  by  overnight  visitors.   The 

Desolation  managers  felt  tliat  compliance  was  lower  in  1972,  when  the  permit  system  liad 
been  in  effect  only  2  years. 

^Request  "The  Baseline  Survey  Sampling  Design"  from  Robert  C.  Lucas,  USDA  Forest 

Service,  Intermountain  Forest  and  Range  Experiment  Station,  Forestry  Sciences  Laboratory, 
Drawer  G,  Missoula,  Montana  59806. 
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This  .samplinti  proceeiure  ret|uircd  careful  coord  i  iiat  iim  kIum-c  several  J  i  ri'ci-<.iit  source; 
of  visitors  were  being  combined.   i-'or  the  Spanish  Teaks  sample,  it  was  iiccessar}-  to 
weight  sam])les  from  trails  checked  in  person  rathei"  than  b}'  means  of"  s|iecial  rt\i'.  i  st  rat  i  on 
stations.   Samples  of  nonregi  st  rant  s,  which  turned  out  to  be  small,  were  ah-o  wei<',hted 
to  achieve  balance  with  the  ]irimar\'  sample. 

The  main  sample  design  was  a  cluster  sample,  with  pa  i  reel  selection  of  primarit,'^^ 
from  unec(ua  1 -s  ized  clusters,  chosen  with  probabilities  proj)ort  it)na  1  to  si::c  (IM'S)  and 
subsam]iled  with  probabilities  inversely  proportional  to  size  (Kish  l'.)()7,  tdiapter  7). 
The  probabilit}'  proportional  to  size  concept  used  estimates  of  average  weekl\'  usi'  b\-  the 
managers  of  each  area.   For  example,  imagine  two  trailheads,  one  (A)  estimated  to  have 
100  people  entering  per  week,  the  other  (W)    estimated  to  have  10  per  week.   Ti-ail  A  is 
10  times  as  likely  as  B  to  be  sampled  (to  have  the  special  registration  station  set  up, 
or  tlie  road  to  it  checked,  or  to  receive  direct,  trailliead  checking).   This  sampling, 
method  means  imjiortant  major  trails  are  almost  sure  to  be  samjiled  and  guaixls  against 
much  time  being  wasted  to  produce  few  or   no  sample  visitors;  Init  it  tloes  not  give  e\i,i-\- 
visitor  an  equal  chance  to  be  sampled.   To  achieve  that,  the  persons  whose  names  and 
addresses  were  obtained  in  each  cluster  at  the  different  trailheads  were  then  subsainpled 
with  jirobabi  1  i  t  ies  inversely  proportional  to  size.   In  the  example,  this  meairs  that 
persons  on  the  list  at  A  have  only  one-tenth  the  chance  of  being  subsam]iled  as  |iersons 
at  B.   The  probabilities  propiortional  to  size  cancel  out  and  ever_\'one  has  the  same 
chance  of  being  chosen.   In  other  words,  a  visitor  at  A  is  11^  times  as  likel}-  as  a 
visitor  at  B  to  have  his  or  her  name  recjuested,  but  a  visitoi'  uho  gives  his  oi-  lu  r 
name  at  B  is  10  times  as  likely  to  be  mailed  a  questionnaire. 

The  reason  for  this  seemingly  roundabout  jiroccdui'e  was  to  tr\-  to  produce  final 
clusters  of  about  the  same  size.   In  the  example,  if  one-half  of  tlie  trail  B  people  wei'e 
samjiled  and  one-twentieth  of  the  trail  A  peojile,  each  cluster  would  consist  of  five 
people  if  use  was  what  it  was  estimated  to  be.   laiual,  or  at  least  reasonabl_\-  close-, 
cluster  sizes-   are  important  to  produce  an  efficient  samjile  that  will  >-ield  pi'ecise, 
unbiased  estimates,  given  tlie  size  of  the  sample.  (See  Kish  19(i7.) 

Trails  were  chosen  from  summer  and  fall  strata  and  further  sidnlivided  into  those 
with  high  and  low  estimated  horse  use.   (iroups  of  weeks  were  used  as  the  basic  time  unit 
for  sample  selection.   Usually,  the  sample  selection  formulas  )ielded  about  10  clusters, 
each  with  a  planned-for  average  size  of  about  12   jieople. 

i'here  were  some  exceptions  to  this  jirocedure.   In  the  Bi)b  Marshall  and  (Iix'at  Bea  r 
Wildernesses,  because  of  high  horse  use,  all  contacts  were  made  in  person  in  the  field. 
The  first-stage  sampling  produced  such  small  samples--122  in  the  P.ob  Mai'shall  and  ~'.i    in 
the  threat  Bear--that  sidjsampling  was  abandoned  and  ever>'one  contacted  was  sampled.   Ill  i  s 
means  the  samples  for  these  areas  tend  to  overrepresent  visitoi's  who  entered  at  what 
were  estimated  to  be  more  heavily  used  entries.   In  the  Desolation  IViklcrness,  a  simple 
random  sam]ile  was  dravvii  from  permits.   After  a  random  start,  e\-ei'\-  13th  pei-init  was 
sam]-)l  ed . 

Because  of  differences  between  estimated  use  and  actual  use  and  chance  \ariations, 
sample  sizes  varied  from  the  sample-design  goal  of  180  to  var>ing  degrees  (table  2). 


Variation  between  actual  use  for  a  sample  time  pei'iod  cc^npared  to  the  estimati'd 
use  introduces  some  unavoiilable  variations  in  cluster  size,  of  coui'si^. 
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Analysis 


The  analysis  consists  basically  of  cross  tabulations  of  variables  and  comparisons 
for  selected  variables.   For  example,  method  of  travel  for  day-users  is  compared  witli 
that  for  visitors  who  stay  longer  than  1  day.   Comparisons  between  areas  and  within 
areas  are  based  primarily  on  classification  of  visitors  in  terms  of  da\'-use  or  over- 
night visits,  method  of  travel  used,  and  summer  or  fall  use.   Correlation  analx'sis  was 
used  for  a  few  relationships,  especially  for  satisfaction  and  asjiects  of  the  trip 
experience.   The  results  will  be  interpreted  in  terms  of  management  implications. 

Statistical  error  terms  have  been  calculated  for  selected  important  comparisons  to 
indicate  statistical  significance  or  confidence  levels  for  differences.   Because  of  the 
difficulty  of  calculating  error  terms  for  complex,  clustered  samples  this  was  not  done 
for  all  comparisons.   Nonparametric  statistical  tests  sucli  as  chi-square  generallx'  have 
not  been  presented.   With  the  large  sample  sizes,  even  small  dif ferences--too  small  to 
have  substantive  im{)ortance--are  statistically  significant,  so  there  is  nothing  to  be 
gained  b\-  such  tests,  especially  in  the  absence  of  formal  hypotheses  to  test. 


USE-THE  TRIP  EXPERIENCE 
Types  of  Use 


Tx'pes  of  use,  locational  asjiects  of  use,  and  expenses  associated  with  use  will  be 
presented.   This  discussion  will  be  followed  by  a  brief  summary  of  the  importance  of  the 
day  user. 

LENGTH  OF  STAY 

The  t>'pical  visit  is  short  (table  4).   In  about  half  of  the  areas,  persons  making 
1-day  visits  are  in  the  majority.   Long  trips  are  rare.   In  only  two  areas,  the  Bob 
Marshall  and  the  Great  Bear  Wildernesses   are  more  than  10  percent  of  the  trips  over  1 
week  in  length.   In  about  half  of  the  areas,  none  of  the  sampled  trips  exceeded  1  week 
in  length.   The  data  for  the  Desolation  Wilderness  understate  day-use  because  of  low 
permit  compliance  by  1-day  visitors,  but  they  show  the  relative  frequencies  of  longer 
trips.   Other  field  data,  collected  in  1974,  indicate  about  40  percent  of  the  visits  to 
the  Desolation  Wilderness  are  for  only  1  day  and  the  average  length  of  stay  is  about  2.3 
days. 

The  estimates  of  average  length  of  stay  are  statistically  precise.   The  standard 
errors  of  tlie  means  are  relatively  small,  ranging  from  4  to  11  percent  of  the  means  for 
all  areas. 

Length  of  stay  is  related  to  area  size.   Large  areas  tend  to  have  longer  stays  and 
small  areas,  shorter  stays.   If  the  study  areas  are  ranked  by  size,  they  come  close  to 
being  ranked  by  length  of  stay  with  only  two  important  exceptions:  the  Desolation 
Wilderness  where  the  average  length-of-stay  estimate  is  known  to  be  too  high,  and  the 
Selway-Bitterroot  Wilderness.   The  Selway-Bitterroot  is  the  largest  of  the  nine  areas, 
but  with  substantially  shorter  average  visits  than  the  Bob  Marshall  and  Great  Bear 
Wildernesses.   Some  accessible  Selway-Bitterroot  fringe  areas  are  heavily  used  by  people 
making  short  trips.   These  fringe  areas  have  a  number  of  attractive  high  lakes  and  are 
used  much  like  the  smaller  areas,  but,  of  course,  they  are  a  part  of  tlie  total  large 
Wilderness.   (This  mixture  of  long  and  short  visits  is  the  probable  cause  of  the  higher 
proportionate  standard  error.) 
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Visits  by  people  traveling  with  horses  were  longer  than  those  by  hikers,  with  an 
overall  average  for  all  areas  (weighted  to  reflect  different  sampling  rates)  of  3.8  days 
for  horse  users  and  2.2  days  for  hikers. 

Visits  averaged  longer  in  the  fall  than  in  the  summer,  3.0  days  compared  to  2.5 
days,  but  average  length  of  stay  for  individual  areas  varied  widely.   In  most  areas, 
summer  trips  averaged  longer  than  fall  visits  (Desolation,  Bob  Marshall,  Scapegoat, 
Mission  Mountains  Wildernesses,  Spanish  Peaks  Primitive  Area,  and  Jewel  Basin  Hiking 
Area).   The  areas  with  longer  summer  visits  were  offset  by  much  longer  fall  visits  in 
the  Selway-Bitterroot  and  Great  Bear  Wildernesses. 

Two  management  implications  seem  to  emerge  from  these  facts.   First,  limits  on 
lengths  of  stay  in  wilderness  appear  unwarranted.   There  are  so  few  long  trips  most 
places  that  eliminating  them  would  produce  no  significant  reduction  in  total  use  and  it 
would  end  any  possibility  of  an  occasional  extensive  trip.   Even  the  knowledge  that  such 
an  adventure  is  possible  may  add  to  the  satisfaction  of  some  wilderness  visitors.   Longer 
trips  often  penetrate  to  little  used  portions  of  a  wilderness  and  so  proportionally  have 
less  impact  on  overuse  and  congestion  problems.   (A  limit  on  how  long  a  party  can  camp 
at  one  spot  is  another  matter,  and  such  a  limit  is  probably  desirable.   Data  on  camping 
behavior  will  be  presented  later.) 

Second,  the  abundance  of  short  trips  and  of  1-day  trips  in  particular  implies,  I 
think,  a  need  for  more  opportunities  for  hiking,  especially,  outside  of  wilderness. 
There  is  also  a  need  for  other  trail-based  recreation  opportunities  outside  wilderness, 
such  as  horseback  riding.   Much  of  this  sort  of  experience  could  be  provided  elsewhere, 
at  high  levels  of  quality  and  visitor  satisfaction.   Attraction  of  large  numbers  of 
visitors  to  other  areas  could  have  a  substantial  impact  on  total  wilderness  use  and 
congestion  in  the  more  accessible  day-use  and  short-trip  zones. 

The  idea  which  has  sometimes  been  expressed  that  wildernesses  can  only  be  visited 
by  people  with  large  amounts  of  free  time  because  visits  are  necessarily  long  is  not 
supported.   This  fact  has  implications  for  availability  of  wilderness  recreation  oppor- 
tunities that  relate  to  classification  decisions. 

PARTY  SIZE 

Most  parties  are  small  (table  5).   Tlie  average  party  size  for  the  study  areas 
ranges  from  3.8  to  5.6  people.   Only  one  area,  the  Scapegoat  Wilderness,  had  over  10 
percent  of  the  parties  with  more  than  10  people  in  them.   A  majority  of  the  parties  in 
every  area  contained  fewer  than  five  people.   Lone  individuals  are  scarce.   In  most 
areas,  two-person  groups  are  most  common.   In  the  Great  Bear,  however,  four  was  the 
most  common  number  and  in  the  Bob  Marshall,  six. 

Again,  the  standard  errors  are  small  relative  to  the  mean,  indicating  relatively 
precise  data.   The  largest  standard  error  (14  percent  of  the  mean)  is  for  the  Jewel 
Basin  estimate.   There  one  party,  a  church  youth  group,  made  up  of  120  members  was 
sampled,  inflating  the  standard  error. 

These  party  sizes  imply  that  many  small  potential  campsites  are  usable  by  most 
parties.   The  prevalence  of  small  parties  may  also  suggest  the  reason  why  occasional 
large  parties  seem  out  of  place  to  many  visitors  (Stankey  1975).   Party  size  limits  in 
the  ranges  usually  considered  would  affect  only  a  small  proportion  of  groups  and  only  a 
slightly  larger  proportion  of  the  visitors. 
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METHOD  OF  TRAVEL 

Except  for  the  Bob  Nkirshall  Wilderness,  hiking  is  the  most  common  travel  method  in 
all  areas.   A  large  majorit}-  of  visitors  in  all  areas,  except  the  Bob  Marshall  and  the 
Great  Bear,  walk  (table  6).   In  the  Desolation  and  Mission  Mountains,  although  horses 
are  permitted,  virtuall>-  all  visits  are  on  foot.   In  most  areas,  the  proportion  of 
groups  hiking  is  even  higher  than  for  individuals  because  hikers  tyT)ically  are  in 
smaller  groups.   For  example,  in  the  Bob  Marshall  Wilderness  51  percent  of  the  visits 
are  by  hikers,  but  45  percent  of  the  groups  are  hikers. 

The  statistical  precision  of  the  estimates  is  fairly  high,  as  indicated  by  the 
small  standard  errors.   Only  the  Bob  Marshall,  where  the  sample  was  one  of  the  smallest 
and  travel  methods  were  diverse,  had  fairly  large  error  terms.   The  error  terms  in 
table  0  are  approximate  indicators  of  the  precision  of  most  other  tables,  for  example, 
of  visitor  characteristics  and  attitudes,  where  a  variety  of  answers  are  possible. 

Table  6. --Method  of  travel,      by  area 

Percent  of  total  individual  visits 

Hike  with 
Area Hike   s.e.^   Horseback   s.e.   pack  stock     s.e.     Other 

Desolation  Wilderness   99   0.6        0.5     0.5       0.7       0.5         0 

Selway-Bitterroot 
Wi  Iderness 

Bob  Marshall  Wilderness  51 

Cabinet  Mountains 
Wilderness 

Scapegoat  Wilderness 

Mission  Mountains 

Wilderness  97    1.7        2       1.0       1         0.5         0 

Spanish  Peaks 

Primitive  Area       72   2.6       20       6.2       7         2.5         1 

Great  Bear 

Wilderness  46   5.0       42       5.4       0  --        13 

Jewel  Basin 

Hiking  Area^         91   6.4        4       1.1       0  --         5 

^Primary  method  of  travel--some  parties  (about  9  percent)  used  more  than  one 
method. 

^Standard  error  of  the  mean. 

^Prior  to  July  2,  1970,  the  year  the  survey  was  conducted  in  the  Jewel  Basin, 
horses  and  motorcycles  were  permitted.   From  July  2  on,  only  hiking  was  allowed.   "Other" 
for  the  Jewel  Basin  consists  entirely  of  motorcycles. 
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The    "other"    oate^orv    inelikles    mot  orew  1  es .       Motoi'cwle    ii^c    u;is    li-'.',il    .it     thr    t  i  me 
of    stud)'    in    the    (ireat    I'.ear   and    in    pai't    of    the    Seape_i_',oat  ,    hot  h    ol'    i\hieh    \\i-rr    then 
une  lass  i  f  i  ed .       Mt)tore\eles    were    also    lejeil     in    the    .leuel    I'.asin    llikiii'/     \vr.\    part    of    t  lir 
season   and    in    part    oi'   the    Spanish    Peaks    area    (outside    of    1  hi-    exist  in;;    i'lmniit  i  la-    .■\rLM    hut 
inside    the    present    pi'oposed    Wilderness    and    witliin    Ihi.'    stud\    area).       "(itlur"    .i:'-.o    inkliiiks 
boats   and    rafts    on    some    large    ri\'(,'rs    (thi.'    South    I'ork    of    the    ilathead    in    t  kie    i-'.nh   'Ti  rsli,i  1  I  , 
the   Middle    fork    ot'   the    I'lathead    in    the    (ir'eat    I'.ear,    and    the    S(/li\a)     in    the    Sr  1  ua  \  -  T.i  t  t  e  r  rei  it 
and    airplanes    in    the    (Ireat    Ik'ar    and    Se  1  ua\'- 1^  i  1 1  er  root  .       "Aiiplane"    is    listi'd    as    the 
priiiiarx'   means   oi'    travel    onl\'    if    tlie    people    remained    in    tlie    aii'field    \' i  e  i  n  i  t  >• .       Most    air 
travelers    sta_\ed    near    the    airfield    in    the    Se  1  wa\'- B  i  1 1  erroot  ,    l)ut     feuer   did     in    t  lie    (aaat 
Bear. 

The    potential    fi.~>r    horse-ltiker    eonfliet    exists    ever>'uliere    there    is    s  i  i'.n  i  f  i  eant     hoi-si,' 
Lise,    l^eeause    there   are   tio    areas    where    the    proportion   of    hikers    is    not    sufst  ant  i  a  1  .        It 
seems    likel\-   that    the    prt^jiort  ion   of   \-isitors   using   liorses    is    lower   now    than    in    eariui- 
years,    l^ut    data    over   time  do   not    exist;    so   we   eannot    determine   trends. 

Met  iiod    of   travel    is   a    basic    \-arialile   with    implications    for    i-esource    impacts    (Weax'er 
and    bale    1978),    trail    design,    campsite    requirements,    road-end    facilities,    and    iisi,'r 
conflicts.      Methixl   of   travel    is   also    a    useful    lireakdown    for    examining   visitoi-   attitudes, 
activities,    and    characteristics. 

OUTFITTER  USE 

Otitfitter  use  was  common  onl)-  in  the  two  liorse-travel  areas.   In  both  tiie  P.ob 
Marshall  and  dreat  Bear  Wildernesses  about  3S  ]K'rcent  ot'   the  visits  were  b\'  peopK'  using 
outfitters  or  guides.   All  were  traveling  with  horses.   In  all  the  other  areas,  the 
percent  of  visitors  using  outfitters  was  S  jiercent  or  less.   OnI\'  in  the  Spanisii  Peaks 
Primitive  Area  and  Scajiegoat  and  Selwa\'-Bitt erroot  Wildernesses  does  the  projiortion 
exceed  even  1  percent . 

Outfitter  use  is  much  more  important  in  tlie  fall,  during  iiunting  seasem,  tiian  in 
the  summer.   For  example,  in  the  Selwa\'-Bittcrroot ,  the  percent  of  visits  serxed  b\' 
outfitters  rose  from  4  percent  in  the  summer  to  23  percent  in  tlie  fall.   In  the  Bol) 
Marshall,  the  jiroportion  rose  from  29  to  47  percent. 

Tlie  idea  sometimes  expressed  that  onl\'  those  who  can  afford  outfitters  can  \- i  s  i  t 
wilderness  is  false;  most  visitors  do  not  use  outfitters.  It  also  follows  that  use 
management  cannot  concentrate  Just  on  outfitters;  jirivate  parties  must  be  reached  \n- 
management  efforts.   Close  to  half  of  the  visitors  to  tlie  Boli  Marshall  Wilderness  usin':', 
horses  were  not  with  outfitters.   (In  contrast,  onl\'  about  IS  to  2li  percent  o['   the  lioi'se 
travelers  in  the  Great  Bear  Wilderness  were  not  with  outfitters.) 

ACTIVITIES 

Wilderness  trips  are  not  usually  single-purpose  visits;  most  individuals  participate 
in  two  or  three  activities  (table  7).   Hiking  was  tlic  activit)'  most  often  checked  on  t  lie- 
questionnaire  in  all  but  the  two  horse-use  areas.   (Some  foiU  travelers  did  not  check 
hiking,  usually  because  they  were  making  short,  da\'  trips,  general  !>■  without  a  pack,  and 
apparently  considered  these  to  be  "walks"  rather  than  "hikes.")   I'ishing  and  photograph}- 
were  the  next  most  common  activities  everywhere,  with  the  minor  exception  oi'   the  Desola- 
tion Wilderness  area  where  "nature  study"  (such  as  bird  watching,  plant  identification, 
and  amateur  geology)  pushed  fishing  into  third  place.   Swimming  was  also  much  more 
common  in  the  Desolation  Wilderness  than  elsewhere. 

Once  again,  the  standard  errors  are  relatively  small,  in  t'act  ,  unifoiaiil}'  small. 
This,  together  with  the  previously  presented  error  terms,  suggests  general  1\'  good  statis- 
tical precision  overall;  no  other  error  terms  will  be  presented. 
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Activities  appear  to  follow  tliree  general  patterns  in  the  nine  areas.   The  Hesolation 
represents  one  pattern:  hunting  is  low;  hiking,  swimming,  and  nature  stud\-  ai'e  high;  and 
other  activities  are  about  average.   The  Bob  Marshall  ami  (ireal  lU'ar  Wildernesses  i-e|ii"e- 
sent  a  different  pattern:  hmit  ing  is  high,  hiking  is  low.   Other  ai-L-a  patleiais  are  inter- 
mediate; the  pattern  in  the  Mission  Moimtains  Wilderness  resembles  that  ot'  tlie  Desolation 
somewhat,  hunting  is  low,  and  the  ]iattern  of  the  S|i;niish  Peaks  Pi-imitive  Afea  tends 
toward  that  of   the  Bob  Marshall  and  the  Creat  Bear. 

limiting  is  less  common  than  might  have  been  expected.   bven  during  fall  hunting 
seasons,  there  are  man\'  visitors  who  are  not  lunit  i  ng--about  30  percent  in  the  Selway- 
Bitterroot  and  over  SO  percent  in  the  Mission  Moiuitains,  for  example.   In  some  othei' 
areas,  however,  almost  all  fall  visitors  liunt ;  for  example,  about  'JO  percent  o]'   fall 
visitors  to  the  Bob  Marshall  hiuit .   Wilderness  does  provide  the  setting  for  hig.h  (pialit}' 
hiuiting  experiences,  and  offers  the  main  remaining  ojiportun  i  ty  for  an  adventure  involv- 
ing travel  by  ]-iack  trains  and  isolated  tent  camp  living.   Important  as  this  use  is, 
however,  it  is  not  predominant  in  an\'  of  the  study  areas.   Management  cannot  become  so 
preoccupied  with  hunting  use  that  other  more  common  t>'pes  of  use  are  neglected. 

Seasonal  use  patterns  are  clear  and  simple;  hunting  is  almost  entircl}'  a  fall 
activity,  whereas  all  but  one  of  the  other  activities  are  more  common  in  the  summer-- 
fishing,  hiking,  photography,  nature  study,  and  swimming.   Mountain  climbing  is  uncommon, 
and  although  most  of  it  occurs  in  the  summer,  a  higher  proportion  of  fall  visitors 
rejTort  climbing  mountains  in  about  half  of  the  areas.   The  average  numlier  of  acti\'ities 
listed  by  summer  visitors  ranged  from  2.5  to  3.0  at  the  nine  areas  and  exceeded  the 
average  number  of  fall  activities,  which  ranged  from  1 . d  to  2.b    in  the  areas. 

Method  of  travel  is  associated  with  different  patterns  of  activity.   Hikers  do  more 
nature  stud)'  and  swiiraiiing  than  visitors  using  horses,  and  horsemen  are  much  more  invoUed 
in  hunting.   Photograph)'  was  a  little  more  common  for  horseback  travelers.   Fishing  and 
other  activities  were  not  related  to  travel  method.   The  average  number  of  acti\'ities 
was  about  the  same  for  hikers  and  horse  users. 

Day-users  differed  sharply  from  overnight  camping  visitors  in  activities.   Da)- 
users  did  less  of  almost  everything.   Only  hunting  Csurprisingl)' )  and  nature  stud)'  were 
done  b)'  about  the  same  jiroportion  of  day-users  and  campers.   Campei's  engaged  in  a  larger 
number  of  activities,  averaging  2. A    to  5.4  per  area,  compared  with  .1.1  to  2.5  {'or   da)- 
users. 

FIRE  USE 

Almost  all  ]")eople  who  stay  overnight  build  wood  fires  (table  S  )  .   Man)',  however, 
used  gas-fueled  camp  stoves  for  cooking  and  the  wood  fires  for  warmth  and  as  a  center 
for  conversation  and  sociability.   The  ]iroport  ion  using  gas  cam]')  stoves  varies  from 
about  10  percent  in  the  Cabinet  Mountains  to  about  half  of  all  campers  in  the  Desolation 
Wilderness.   In  both  the  Scajiegoat  and  C.reat  Beai-  Wilderness  Areas,  the  proportion  ot' 
visitors  usiiig  gas  camp  stoves  is  about  15  percent.   In  all  other  areas,  ;ibout  one- 
fourth  to  one-third  of  tlie  visitors  use  stoves. 

Two  implications  can  be  drawri  from  this.   P'irst,  should  managL'i's  need  to  pi-ohibit 
wood  fires  in  some  areas,  a  substantial  proportion  of  visitors  alread)'  lia\'e  camp  sto\'es 
and  are  familiar  with  tlieir  use.   Second,  wo(xl  fires  are  vei'>'  ap|>ealing,  to  all  xM-^itors 
who  camp  overnight,  even  those  who  do  not  need  a  cooking  fii'e.   Doing  witluiut  wood  fires 
runs  counter  to  almost  universal  camper  behavior.   (x'rtainl)'  in  places  whei'e  wood  is 
scarce, and  as  part  of  wilderness  visitor  contact  and  educatiiMi  progi-ams  e\er\where , 
visitors  could  lie  encouraged  to  cook  on    camp  stoves;  could  be  educated  about  the  impact 
fuel  gathering  can  have  on  the  ecos)'stem  and  esthetics,  on  picturesque  sil\'ei-  snags, 
for  example;  and  could  be  requested  to  use  onl)'  down,  dead  wood  and  to  usi.'  as  little 
wood  as  possible,  while  still  having  a  few  flames  to  watch  while  \isiting  in  the  e\'ening. 


Table  8.--L'se  of  wood   fires   and   gas   camp   stoves,    by   area,    for  all    visitors   and   for    those 

who   remained  overnight 


Area 


Percent  of  total  individuals  (and  overnighters ) 
No  fire         Wood  Gas         Both  wood 

or  stove       fire  only      stove  onl\'     and  stove 


Desolation  Wilderness  21  (4) 

Selway-Bitterroot  Wilderness  51  (6) 

Boh  Marshall  Wilderness  lb  (5) 

Cabinet  Mountains  Wilderness  67  (0) 

Scapegoat  Wilderness  46  (4 J 

Mission  Mountains  Wilderness  64  (3] 

Spanisli  Peaks  Primitive  Area  63  (11 

Great  Bear  Wilderness  25  (5) 

Jewel  Basin  Hiking  Area  82  (0) 


39  (48) 

35  (68) 

65  (75) 

29  (90) 

48  (83) 

29  (77) 

22  (61) 

42  (56) 

16  (85) 


7    (9) 

32 

(59) 

2    (4) 

12 

(22) 

3    (4) 

16 

(18) 

*    (1) 

3 

(10) 

2    (5) 

6 

(10) 

1     (1) 

-7 

(19) 

1    (3) 

15 

(55) 

4    (5) 

25 

(34) 

0    (0) 

3 

(15) 

Less   tlian   0.5   percent. 


WILDLIFE  OBSERVATION  AND  HUNTING  ACTIVITY 

Wild  animals  are  an  important  part  of  wilderness  ecosystems  and  are  an  attraction 
for  wilderness  visitors.   WMldlife  sightings  contribute  to  the  enjoyment  of  many  visits, 
whether  hunting  is  involved  or  not.   Sightings  may  also  involve  unintentional  harassment 
of  animals  (Ream  1980).   A  majority  of  visitors  reported  seeing  at  least  one  of  nine 
animal  species  listed  on  the  questionnaire  (table  9).   The  species  chosen  include  large 
mammals,  co\'otes,  and  bald  eagles.   Most  of  the  animals  exist  in  all  of  the  areas. 
The  Selway-Bitterroot  Wilderness  and  the  Spanish  Peaks  Primitive  Area  are  generally 
believed  to  lack  grizzlies.^  Of  the  listed  animals,  Desolation  has  only  black  bears, 
deer,  coyotes,  and  bald  eagles. 

Visitors  to  the  Great  Bear  reported  the  largest  number  of  wildlife  observations, 
partly  because  of  the  long  stays  in  that  Wilderness  (table  4).   Observation  of  wild- 
life is  also  high  in  the  Bob  Marshall,  which  is  adjacent  to  the  Great  Bear.   The  Mission 
Mountains  and  Desolation  Wildernesses  and  the  Spanish  Peaks  Primitive  Area  had  a  low 
number  of  observations.   Deer  are  the  most  commonly  seen  wildlife  most  places.   Only 
the  Great  Bear  is  an  exception.   There  moose  were  reported  most  often.   Overall,  oppor- 
tunities to  see  wild  animals  in  natural  surroundings  are  good  in  these  areas. 


^Some  people  believe  there  are  a  few  grizzlies  in  the  Selway-Bitterroot,  but 
visitors  have  essentially  no  opportunities  to  sight  the  big  bears  there.   Grizzlies  from 
the  Yellowstone  Park  region  could  occasionally  wander  into  the  Spanish  Peaks  Primitive 
Area,  also. 
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In  the  fall,  hunters  are  common  in  most  areas  (table  10,  column  1).   Elk  were 
the  main  wilderness  game  sought;  about  70  percent  of  the  hunters  sampled  were  hunting 
elk  and  about  one-third,  deer.   Bighorn  sheep  were  the  next  most  common  wilderness  game 
animal  sought,  especially  in  the  Spanish  Peaks,  where  sheep  hunting  permits  are  not 
restricted  in  number  as  they  are  in  all  of  the  other  study  areas  in  which  sheep  are 
hunted.   Grouse,  bear,  mountain  goats,  and  moose  follow,  in  that  order,  for  the  overall 
sample. 

Wilderness  hunting  may  be  a  great  adventure,  but  it  is  not  particularly  productive. 
In  only  two  areas  did  over  10  percent  of  the  elk  hunters  succeed  in  taking  an  animal 
(table  10).   The  Great  Bear  had  the  highest  elk  harvest  rate--41  percent  of  sampled  elk 
hunters  were  successful--but  it  also  was  the  area  where  hunters  spent  the  most  days 
hunting.   About  one-fourth  of  the  Bob  Marshall  elk  hunters  got  an  elk.   Many  more  elk 
hunters  (about  25  to  75  percent  in  all  areas  except  the  Mission  Mountains  Wilderness) 
said  they  saw  elk,  but  many  took  no  shots.   At  tlie  time  of  the  study,  cither-sex  hunting 
of  deer  and  elk  was  legal.   Most  of  those  who  had  a  chance  for  a  shot  got  their  animal. 
Deer  hunting  was  a  little  more  productive  in  most  areas.   Again,  deer  hunters  saw  far 
more  animals  than  they  tried  to  shoot. 

Less  commonly  hunted  species  are  not  included  in  table  10.   Grouse  hunters  had  the 
best  luck;  two-thirds  got  birds.   About  one-third  of  the  small  sample  of  goat  hunters 
was  successful  in  taking  a  goat  and  one-fourth  of  the  sheep  hunters  took  home  an  animal. 
None  of  the  limited  number  of  bear  hunters  (19  in  the  total  sample)  got  a  bear,  and  all 
seven  of  the  sampled  moose  hunters  came  back  empty-handed.   About  half  of  the  hunters 
hunted  only  one  species,  one-third  hunted  two  species,  and  about  10  percent  hunted  three 
or  four  species. 

The  picture  that  emerges  from  these  data  of  the  difficulty  of  wilderness  hunting, 
the  hunters'  selectivity  in  taking  shots,  and  their  apparently  good  markmanship  diverges 
from  some  common,  negative  stereotypes  of  hunters. 

Hunters  in  the  large  Wildernesses  (Bob  Marshall,  Selway-Bitterroot ,  and  Great 
Bear),  concentrate  on  wilderness  hunting,  and  few  hunt  outside  of  the  wilderness.   This 
seems  to  suggest  a  lack  of  substitutes  for  this  activity.   Mountain  goat,  bighorn  sheep, 
and  bear  hunters  also  concentrated  their  activities  in  wilderness.   For  deer,  moose, 
and  grouse  hunters,  and  in  the  smaller  areas,  wilderness  luinting  appears  to  have  more 
substitutes. 


26 


Si 

4J 


3 


0 

^ 

V) 

0 
(D 

"13 


M 


O 


O       I 
4-1     'X;    TD 


n:   o   i   c 


5--     O 


O 


O 
CO 


O  I 

O   -rH  o  rj 

■M     '/)  t3     '/) 

C    ■t-'  ■— I     'J". 

—     O  3     C 


O    -M 


(Li 

.-H 

OC 

Jh 

XJ 

rt 

O 

t/1     (U 

I^ 

J3 

>.   4-J 

OJ 

c 

rt    C 

> 

r-J 

-n   :3 

-a 

-u 

o 

c: 

■M 

QJ 

^ 

0 

in 

O'l 

^ 

M 

r--- 

T3 


O  O  O  O'  o 


o        o         Lo        o 


lO 


CO  O 


cr,        cr,        o        t-        o        o        i- 
i*^,  r  1  o  LO  o  o 


r--        LO        o        LO 
^         r  1 


LO  O  O  LO  o  to 

i~l  to  ^ 


r^         o        LO        r--         o         ^-1         — 
to  -^  ri  r;  to  t- 


lO  •— I 


to 

sO 


t/) 

t/) 

■/) 

r3 

to 

<f) 

'/) 

O 

o 

QJ 

o 

rH 

<:- 

rH 

rH 

J-t 

o 

■J-J 

O 

o 

O 

-^ 

•ri 

"3 

"13 

> 

' — 1 

O 

r— ^ 

t — 1 

■r-l 

■  -I 

^ 

•H 

■X; 

'r-\ 

4-* 

■<. 

'm 

V- 

■f, 

^ 

■-H 

o 

o 

£ 

+-> 

"3! 

Vl 

^ 

'/) 

■  ~A 

o 

. — \ 

C 

r^ 

;i^ 

^ 

o 

•  rH 

•H 

o 

•rH 

c 

-:!         -^ 


CO 


_o 

Q 

o 

■M 

^ 

c_ 

■M 

d 

c 

r^ 

O 

cr. 

o 

'/. 

r^ 

O 

■H 

.—J 

.^ 

^ 

•/, 

C 

XI 

r^ 

<j; 

7^ 

r* 

•J 

.~-i 

^ 

u 

lyj 

^ 

CO 

o 

c 

-o 

.— 

'^ 

fj 

!/, 

-^ 

1 — 1 

o 

'J 

^ 

x:    o 

O     Cj     f- 


E  -J-,      i      O 


•/.    o 


27 


TIMING  OF  USE 

Summer  is  the  main  use  season  in  all  areas  and  by  a  large  margin  everywhere  except 
in  the  Great  Bear  (table  11).   This  is  when  wilderness  managers  and  ranger  station  personnc 
have  the  greatest  opportunities  for  contacting  the  public.   The  summer  and  fall  periods 
surveyed  were  each  about  5  months  long.   June  accounted  for  a  small  part  of  summer  use 
most  places  and  November  had  a  small  share  of  fall  use.   Some  areas  had  little  use  even 
in  October.   The  Great  Bear,  in  particular,  showed  a  sharp  peak  in  use  the  first  week 
of  the  hunting  season,  and,  for  a  time,  the  need  for  public  contact  was  well  above  the 
less  concentrated  summer  use.   This  may  have  been  true  in  some  other  areas  but,  perhaps 
because  of  timing,  sampling  failed  to  reveal  brief,  sharp  peaks.   Either  July  or  August 
was  the  heaviest  month  of  use  everywhere.   Most  places,  the  other  month  had  the  second 
greatest  use.   In  the  Bob  Marshall  and  Great  Bear,  October  came  next  in  use  after  July. 

Most  visitors  enter  tlic  nine  areas  studied  on  weekends  and  holida>'s.   In  most  areas, 
two-thirds  to  three-fourths  of  all  visitors  enter  on  Fridays,  Saturdays,  Sundays,  and 
the  two  summer  liolidays,  July  4  and  Labor  Day.   This  suggests  that  it  would  be  desirable 
for  wilderness  rangers  and  personnel  who  supply  information  or  issue  permits  to  arrange 
work  schedules  so  that  thev  can  be  on  the  i ob  weekends. 


Use  Distribution 


Uneven  geographical  distribution  of  use  is  characteristic  of  all  the  study  areas. 
Entry  points  vary  greatly  in  number  of  visitors,  trails  range  from  those  with  heavy 
traffic  to  others  with  almost  none,  and  campsites  receive  widely  varying  amounts  of 
use. 

ENTRY  POINT  USE 

A  few  trailheads  account  for  most  visitors  in  every  area  (table  12) ,  as  has  been 
the  case  in  almost  all  other  areas  studied  to  date.   Often  over  half  of  all  visitors 
converge  on  one  entry  point,  and  just  three  trailheads  account  for  over  half  of  the  use 
everywhere  except  the  Selway-Bitterroot .   All  of  the  areas  had  access  points  with  such 
light  use  that  they  were  used  by  none  of  the  sampled  visitors,  and  others  were  used  by 
very  few  people.   In  some  of  the  areas,  horse  users  tended  to  concentrate  at  entry 
points  more  than  hikers,  but  hiker  use  of  access  points  was  more  concentrated  than 
rider  use  in  about  half  of  those  areas  with  significant  amounts  of  both  types  of  use. 
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Table  12. --Cumulative  percent   of   total    use  accounted   for  by   varying  numbers  of  entry  points,    ranked   from  most    to 

least    used,    by   area 


Spanish 

Jewel 

Entry  po 

ints, 

Selway- 

Bob 

Cabinet 

Mission 

Peaks 

Great 

Ba  s  i  n 

ranked  b 

/  number 

De 

solation 

Bitterroot 

Marshall 

Mountains 

Sc 

apegoat 

Mountains 

Primitive 

Bear 

Hiking 

of  visitors 

Wi 

Iderness 

Wilderness 

Wilderness 

Wilderness 

Wi 

Iderness 

Wilderness 

Area   W 

i Iderness  Area 

1 

24 

11 

45 

26 

68 

52 

36 

85 

59 

2 

41 

18 

62 

4  5 

78 

70 

72 

92 

86 

3 

57 

24 

75 

63 

85 

81 

82 

100 

95 

4 

73 

30 

83 

73 

91 

91 

90 

100 

99 

5 

83 

35 

89 

81 

95 

97 

94 

100 

99 

6 

87 

40 

93 

87 

100 

99 

97 

100 

100 

7 

91 

45 

95 

94 

100 

99 

99 

100 

100 

8 

94 

50 

97 

97 

100 

100 

100 

100 

100 

9 

96 

54 

98 

99 

100 

100 

100 

100 

10 

98 

57 

100 

100 

100 

100 

100 

11 

99 

61 

100 

100 

100 

100 

12 

100 

64 

100 

100 

100 

1.5 

100 

68 

100 

14 

100 

71 

100 

IS 

100 

74 

100 

16 

100 

76 

100 

17 

100 

79 

18 

82 

19 

84 

20 

86 

Total  nur 

nber 
points 

of  entry 

17 

69 

16 

10 

12 

12 

8 

11 

9 

ROUTES  OF  TRAVEL  AND  TRAIL  USE 

The  very  uneven  use  of  entry  points  results  in  uneven  use  of  the  trails  reached 
from  the  entry  points.   However,  the  unevenness  of  trail  use  is  further  accentuated  by 
variation  in  the  distance  visitors  travel  and  variable  use  of  alternate  routes  at 
trail  junctions.   Figures  12-18  portray  the  flow  of  use  through  each  of  the  study  areas 
(except  the  Bob  Marshall  and  Great  Bear,  where  the  small  samples  and  the  departure  from 
the  sampling  plan  made  use  maps  inaccurate).   Every  area  has  a  few  trail  segments  with 
heavy  flows  and  many  miles  of  trail  with  light  or  very  light  use.   The  most  lightly 
used  areas  are  not  always  the  most  remote. 
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Figure  12. 


-The  distribution  of  recreational  use  of  the  trail  s\-steni  in  the  desolation 

Wi  1 derness . 
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SELWAY-BITTERROOT  WILDERNESS 


LEGEND 

"^•■^    WILDERNESS    BOUNDARY 

ROADS 

TRAILS 

:-;-    JEEP  TRAILS 
^^    SAMPLED    ACCESS  POINTS 


TRAIL  USE 

liilAl  '.UMBiR  III  (.KOUI'S 


Figure  13. --The  distribution  of  recreational  use  of  the  trail  system  in  the  Selwav 

Bitterroot  Wilderness. 
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KILOMETERS 


I'igurc    14. --The   distribution    of    rccrcat  i  on,i  1    use   of   the    t  rn  i  1    s>-steiii    in    t  lie   Ciliinet 

Mountains   IVi  IJerness. 
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Figure  15. --The  distribution  of  recreational  use  of  the  trail  system  in  the  Scapegoat 


Wi Iderness . 
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MISSION  MOUNTAINS 
WILDERNESS 


LEGEND 
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i,e;iirc    Id. --The   d  i  st  r  i  but  i  on    of    rcc  rent  i  oii;i  1    use   ol"    the    ti\iil    svsteiii    in    the   Mission 

Mouiita  i  lis    IVi  Kleniess  . 
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JEWEL  BASIN 
HIKING  AREA 


LEGEND 


■"    WILDERNESS    BOUNDARY 
—    ROADS 
--    TRAILS 

^  SAMPLED    ACCESS    POINTS 


TRAIL  USE 

i.    \  \      .m'.miI  K  III 


KIlOMf  T[  kS 

Figure    18. --The   distribution   of    recreational    use   of   the    trail    SN'stciii    in    the   .Jewel    Basin 

llikini'   Area. 
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There  appear  to  be  general  similarities  in  use  distribution  patterns  from  area  to 
area,  but  variation  in  size,  shape,  and  trail  system  make  comparisons  complicated.   One 
way  to  enable  comparison  of  different  areas  is  to  calculate  a  use  concentration  index 
number.   The  use  concentration  index  number  is  determined  by  graphing  use  of  the  total 
trail  system,  starting  with  the  most  used  trail  segment,  then  taking  the  next  most-used, 
and  so  on  (Lucas  1974).   As  each  segment  is  added,  two  things  are  determined  for  all 
the  segments  included:  (1)  what  proportion  of  the  total  trail  miles  in  the  area  have 
been  included  and  (2)  what  proportion  of  trail  visitor-miles  of  travel  have  been  accounted 
for.   For  example,  in  the  Spanish  Peaks,  the  most-used  10  percent  of  the  trail  system 
accounts  for  slightly  over  half  of  all  use  in  terms  of  visitor-miles  of  travel  (fig.  19). 


100 


CUMULATIVE  TRAIL-MILES  (PERCENT) 


Figure  19. --Trail  use  con- 
centration in  the  Spanish 
Peaks  Primitive  Area. 


The  more  the  curve  on  the  graph  rises  above  the  45°  diagonal  line,  the  more  uneven 
and  concentrated  the  use  is.   If  every  part  of  the  trail  system  had  the  same  use,  the 
curve  would  be  right  on  the  diagonal,  that  is,  10  percent  of  the  trail  miles  would 
account  for  10  percent  of  the  use,  50  percent  of  the  trail  miles  would  account  for  50 
percent  of  the  use,  and  so  on.   A  completely  concentrated  use  pattern  would  consist  of 
all  use  on  one  short  trail  segment  and  no  use  on  the  rest;  this  would  produce  a  line  on 
the  graph  headed  almost  straight  up  to  100  percent  of  total  use  and  then  extending  to 
the  right  horizontally  to  100  percent  of  the  trail  miles. 


Tlic  concentration  index  is  based  on  how  great  a  proportion  of  the  total  area  above 
the  diagonal  is  enclosed  by  the  curve  representing  use.   The  index  can  range  from  0 
(the  perfectly  even  distribution  with  the  curve  on  the  diagonal  and  no  area  enclosed) 
to  ncarl)'  100,  if  one  segment  had  all  the  area's  use  (fig.  19). 

Trail  use  concentrations  vary  from  55  to  77  (table  13).   The  Bob  Marshall  appears 
to  have  even  more  concentrated  use,  although  the  need  to  depart  from  the  sampling  plan 
explained  earlier  makes  this  index  low  in  reliability.   The  most  even  trail  use  is  in 
the  Spanish  Peaks,  although  use  there  is  still  quite  concentrated.   Variation  in  trail 
use  concentration  does  not  appear  to  be  related  to  area  size  or  to  intensit)'  of  use. 
Other  factors,  such  as  location  of  attractions  in  relation  to  the  trail  s>'stem,  ease  of 
road  access  to  trailheads,  and  trailhead  location  relative  to  population  centers, 
probably  account  for  variations  in  trail  use  concentrations. 
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Table    \7> .- -Concent  i\it  ion    indices    for    ti\jil    use,    bt/   ,j?i 


Area 


DcsoLatioii  h'i  klcnicss 
Sel  \\a>'-Bi  tt  eri-Qot  Wi  Iderness 
Bol)  Mai-shall  IVi  Iderness 
Cabinet  Mountains  Wilderness 
Scapegoat  Ki  Iderness 
Mission  Moinitains  Wilderness 
Spanish  Peaks  Primitive  Area 
G  r  eat  Be  a  r  W'  i  1  d  e  r  n  ess 
Jeuel  Basin  Hiking  Area 


Con ceiit  n  1 1  i  o n  index 

()7 

_  1 

b2 

74 
77 
53 


^The    sample    for   tliese   two    areas    was   not    ueograplii  cal  1>'   balanced,    and    tlie   concen- 
tration   indices    for   these   areas    are   inirel  iable.      At    best,    tlie>-  might    serve   as    on  I}' 
roLigli   approximations.      The    trail    use    index   value   was   calculated    onl\-    for    tiie    Bob 
Marshall,    and,    at    8S,    was    the    highest    concentration    index. 


Campsite   use   conci 
:■    u 

:si 


cent  rat  ion   can   be    expressed    in    the    same   wa>',    based    on    the    number 
of  camjisitcs   and    the    use    each    received.      Campsite    concentration    indices    were    calculated 
for   the    Desolation    (Si)    and    the   Mission   ^kHultains    (So).      Campsite    usl'    is    less    concent  I'at  ed 
than   trail    traffic    in    tliese   areas.      This    sliould    not    obsci 
ver\'   uneven;    for   example,    the   most    used    2S 
Wilderness    account    for   over   ou    per 


scui'e    the    fact    that    use    is    still 
percent    of   the    camjisites    in    Mesolation 
ercent    of   al 1    use . 


Most    groups   did    not    travel    a    great    distance    lie>'ond    tiie    roa^ls.      (H'L'rall,    about    one- 
tliird   of   the    trips,     in    and   out,    totaled    S   miles   or    less.    About    oO   pei-cent    were    in   miles 
or    less,    and    onl\'   about    20   percent    exceeded    2U   miles    round    trip.       i'liere    is    gi'^at    \ai-iation 
between   areas,    liowever    (table    14).       In    tliree   areas    (tlie   (Cabinet,    Mission    ^kiuntains,    and 
Jewel    Basin),    al)Out    (.)()   percent    of   all    trips    were   no   more    tlian    .">   miles    I'ound    t  i' i  p   aiul    '.'0 
j-iercent    or   more   were    no   more    than    10   miles    long.       None   oi'   tlie    sampled    tiMps    in    these 
tliree   areas   exceeded    20   miles.       At    the   other    extreme,    at    least    lia  1 1"  o1'   tin.'   trips    in    tiie 
Bob  ^klrsllall    and    (ireat    Bear   Wildernesses    were   o\'er    20   miles    in    round    trip    lengtli,    and 
about    30   ]iercent    in    the    Sel  wa>'-Bitterroot    and    Scapegoat    were   over    20   miles. 

Idiere    is   a    strong   association    between    length   of   tri]is   and    propin't  i  on   o{'   \-isitoi-s 
riding   horses.      4'lie    correlation    coefficient    for   pro]ioi"tion    of   trips   o\er    20   miles    long 
and    ]iroport  ion    of    horseback    groups    is    O.S'J.     There    is    also    an    association    lu'twet-'ii    trip 
lengtli   and    area    size,    with   a    correlation    coefficient    o  t"   O-'T'S    bi'tweeii    si:e   of   stud\- 
areas   ;ind    jirojiort  i  on    of   trips   over    20   miles    long    in    eacli   area. 


Table  14, --Total  distance    traveled   beyond   roads,    by   area 


Distance,  miles,  round  trips;  percent  of  total  groups^ 

Ar e a 5  or  less   6-10   11-20  21-50  51-50  51  or  more   Missing 

Uesolat  ion 

Wilderness  10        38     57     11      5       1  10 

Scl way- Bitter root 

Wilderness  20        19     55     17      8       5  10 

Bob  Marshall 

Wilderness  4        13     27     14     27      15  4 

Cabinet  Mountains 

Wilderness  58        32     12      0      0       0  8 

Scapegoat 

Wilderness  1        31     59     12     11       6  7 

Mission  Mountains 

Wilderness  62        27     1 1      0      0       0  8 

Spanish  Peaks 

Primitive  Area        32        25     50      4      1       0  8 

Great  Bear 

Wilderness  4        19     27     20     14      16  23 

Jewel  Basin 

Miking  Area  59        38      4      0      0       0  7 

^ased  on  all  groups  that  provided  usable  sketch  maps  of  their  routes.   Percent 
missing  is  based  on  all  groups  that  returned  questionnaires. 

In  each  case,  one  area  is  an  exception  to  the  general  relationship  and  keeps  the 
correlations  from  being  even  higher.   In  the  association  of  trip  length  and  horseback 
riding,  the  Desolation  Wilderness  has  almost  no  horses,  but  fairly  long  trips.   For 
size,  the  Selway-Bitterroot  has  relatively  many  short  trips,  despite  its  great  size. 

In  many  areas,  the  abundance  of  short  trips  means  that  management  must  contend 
with  concentrated  use  on  portions  of  trails  close  to  trailheads  and  to  more  accessible 
attractions.   Solitude  often  is  rare  the  first  few  miles  of  trails  and  pressures  on 
soil,  vegetation,  and  wildlife  are  high.   Overall  restrictions  on  use  in  response  to 
crowded  peripheral  conditions  may  excessively  reduce  use  deeper  in  an  area.   Fortunately, 
carrying  capacity  research  indicates  most  visitors  expect  and  tolerate  more  encounters 
with  other  parties  in  the  periphery  (Stankey  1973). 

The  large  number  of  short  hikes  also  suggests  there  may  be  a  need  to  provide 
hikers  more  trails,  or  more  attractive  trails,  outside  of  wilderness,  or  to  make  them 
more  aware  of  hiking  opportunities  in  other  locations.   It  is  apparent  that  the  Jewel 
Basin  Hiking  Area  is  an  attractive  alternative  to  several  nearby  wildernesses,  as  it  is 
well-used  for  these  short  hikes. 

In  every  area,  almost  all  visitors  at  trailheads  crossed  the  official  boundary  and 
entered  the  wilderness  or  other  unit.   From  86  to  99  percent  of  the  sampled  groups 
entered  the  established  area. 

i 
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This    implies    that    the   data    reported    in    tliis    pa|HM-   do    ri.'prcsL'iit    aetual    i\  i  Ml' ims-^. 
users.       It    also    implies    that    trailhoad    loeations    i'o  r    trail     rejMsters    usnalU    pro\ido 
data    primal"!  !>■    reflect  iii;^    vvildernoss   use,    desj^ite    the    lai';',e    luiiiiiK't"   o['    short     ti'ips. 

t)ff-trail    travel     is   uncommon    ever\'V\iicre    except     in    t  hi.'    Dosolatmn    l\  i  Kk- lau's  .       in 
the   otlier    ei^ht    areas,    onl\'    10    to    20   jiorcent    of   the    sampK-d    croups    shoucd    an\'   ot'l'-trai) 
trax'el    on    their    sketch   ma]">s    and    part    of    that    shown    was   due    to    ^oiiio    people   drauinv. 
routes    rather    sketchil)'.       In    the    Desolation,    almost    half   of    the    i',i'oups    slutued    cj-oss- 
countr>    travel,    which    is    much    easier    in    the    iin)re   open,    >;entle    setting    thert.'    (I'i;',.    J). 
Desolation    visitors   iiia>'    also    he    tr\'ini;    to    a\'oid    crowded    areas    in    t  liat     inteiisi'l\    used 
wilderness.       F.verx'wiiere ,    however,    the   distance    covered    ol'f-trail    was    small.       About    hall' 
of   the   ]iarties    who    i;ot    off   the    trails    covered    onl>'    1    oi-    2    miles. 

Trail    sx'stems    control    use    patterns    stronj^l}'.         This    implies    tliat    manaj'.eiiient    ol"   tlie 
trail    s\'stcm   can    be   a   ]Towerful    tool.       Botli    the    impacts    of  visitors   on    resdurces    and 
much   of  the    visitors'    experience    (for   example,    their   viewiipu    experience)    can    i>e 
determined    b>'   trail    location   and    design. 

Cam]-)site   use    patterns  do    not    conform   to    the    image   of  a    length}'    trip,    uhich    iiuolves 
moving   to   a   new   axmp   about    every   night.       bong   trips   are   luiconmion.       In   most    areas,    most 
visitor   groups  do   not    camp   at    all    and    a    large   majority   of  those    who   do   camp   use   onl\- 
one   campsite.       In   most    of   the    stud)'   areas,    three-fourths    or   more   of   the   campers   used 
onl)'   one    site;    the    Desolation   Wilderness    is    the   main    exception.      There,    about     IS    I'ereent 
of  the   campers   used   one    site;    over   50   perceiit    used    twt);    and    23    percent    used    three   or 
more.      Again,    this   may   be   a    response   to   much   more    intensive   use   there    than    in    an>'   of 
the   otlier    stud)'   areas.      The   two    largest    areas,    the    Selway- Bi  tterroot    and    Rob   Marshall, 
also   had   more   visitors   using   multiple   campsites.       In    each,    slightly  more    than    one-third 
of  the   camjicrs  used   more   than   oiie    site.       Parties   using   more    than    four   campsites   on   a 
visit   were   rare   ever)'wlicrc ;    in  most    areas,    none   were    sampled. 

Expenses 

wilderness  visits  are  sometimes  thouglit  to  be  expensive  and  be)'ond  the  means  of 
man)'  people.   Therefore,  sampled  visitors  were  asked  about  their  indi\'idual  share  of 
travel  expenses  and  all  other  trip  expenses  (food,  ec|uipment  jiurchased  since  the  last 
trip,  licenses,  outfitters'  fees,  and  so  on). 

TRAVEL  EXPENSES 

Most  visitors  spent  relatively  little  on  travel  (table  IS).   This  is  a  reflection 
of  the  fact  that  most  visitors  live  fairly  close  to  the  wilderness  they  visit. 
Only  in  the  three  large  areas  (Selway-Bi  tterroot  ,  Bol:i  Marshall,  and  C.reat  Hear) 
did  over  half  of  the  visitors  spend  more  than  $10  on  travel.   The  (Ireat  Bear  stands  out 
as  by  far  the  most  expensive  area  for  travel  because  many  visitors  took  advantag,e  iii' 
airplane  access. 

Horseback  travelers  usually  incurred  substantially  higher  travel  expenses  than 
hikers.   For  example,  for  the  Bob  Marshall  Wilderness,  S7  percent  of  the  hikers  spent 
$10  or  less  on  travel,  but  only  27  percent  of  the  horse  users  did.   On  the  other  hand, 
da)^  users  and  campers  differed  little  in  travel  expenses  most  places.   The  (li-eat  Bear 
was  the  only  place  where  campers'  travel  expenses  were  appreciabl)-  higher  than  da)' 
users' . 
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Table  15. --Travel  expenses  per  person   by   area    visited 


Expenses  (percent  of  total  visitors) 


Area 


Answer 
$10  or  less    $11-20    $21-50    $51  or  more  missing 


Desolation  Wilderness  61 

Selway-Bitterroot  Wilderness  48 

Bob  Marshall  Wilderness  59 

Calnnet  Mountains  Wilderness  65 

Scapegoat  Wilderness  65 

Mission  Mountains  Wilderness  71 

Spanish  Peaks  Primitive  Area  62 

Great  Bear  Wildei'ncss  26 

Jewel  Basin  Hiking  Area  72 


19 

8 

12 

10 

12 

15 

5 

4 

15 

8 

7 

4 

8 

7 

14 

14 

5 

3 

3 

9 

15 

15 

18 

16 

3 

21 

4 

10 

16 

2 

9 

14 

42 

4 

3 

12 

OTHER  EXPENSES 

Other  expenses  [for  everything  except  travel)  were  greater  than  for  travel,  but 
still  low  (tabic  10).   With  the  exception  of  the  Bob  Marshall  and  Great  Bear,  where 
outfitter  use  and  horse  travel  are  common,  most  travelers  spent  under  $20  on  their 
visit  and,  in  most  places,  less  than  a  tenth  spent  over  $50. 

Table  16. --Ail  expenses   other    than    travel    by   area    visited 


Expenses  (percent  of  total  visitors^ 


Area 


Answer 

$10  or  less    $11-20    $21-50    $51  or  more  missing 


Desolation  Wilderness  48 

Selway-Bitterroot  Wilderness  45 

Bob  Marshall  Wilderness  26 

Cabinet  Mountains  Wilderness  56 

Scapegoat  Wilderness  49 

Mission  Mountains  Wilderness  72 

Spanish  Peaks  Primitive  Area  55 

Great  Bear  Wilderness  29 

Jewel  Basin  Hiking  Area  51 


24 

15 

9 

9 

9 

15 

8 

6 

12 

10 

7 

6 

9 

14 

9 

10 

5 

3 

6 

9 

16 

21 

35 

16 

3 

27 

4 

24 

14 

2 

7 

17 

44 

9 

1 

27 
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Horse  users'    other   expenses   exceeded    Inkers'    b\-   a   wide   iii.ir;'/!  n .      I'or   ex;nii|)k',     11 
percent    of  Scl way-Bitterroot    horse   users    spent    over    $S0,    l)ut    only    9   percenl    of"   hikers 
did.       'I'liis    is    apparent  I)'    not    due   to    more   da)-    use    by    liikers;    day   users    and    caiii|)ei'^    had 
similar   exjiend  i  ture   patterns,    except    in    the   (Ireat    Bear   where   campei's    sjU'iit    much   more. 

U'itli   the    possilile   exce]it  ion   of  outfitted    trips   or   airplane   access    to   tliose    I'l-w 
areas   wliere    it    is    permitted,    wilderness   visits   apparently   would    not    exceed    the    huduets 
of  most    peo|")ie   witli   moderate    incomes. 


Importance  of  Day  Users 


Tiie  most  conspicuous  and  perhaps  unexpected  conclusion  that  emcT'i'^es  i'rom   this 
review  of  wilderness  use  characteristics  is  the  commonness  of  day  use.   In  most  areas, 
the  tx'pical  visitor  enters  and  leaves  the  saiDC  day  and,  even  in  the  few  wildernesses 
[usuall)'  ver\'  large)  where  they  are  in  the  minorit}',  day  users  are  still  comiiK)ii. 

A  liost  of  other  use  characteristics  j^o  with  da)'  use.   Most  day  users  liike  into  the 
wilderness,  in  the  summer,  and  usually  in  small  groups.  The)'  do  iiot  travel  ver)'  far; 
the)-  concentrate  on   a  few  popular  stretches  of  trails;  and  the)'  do  not  sjiend  much  on 
either  travel  or  other  expenses, 

USER  CHARACTERISTICS 

The  major  characteristics  of  visitors  to  the  nine  stud)'  areas  and  of  different 
tyi^es  of  visitors--da)'  user  and  camper,  hiker,  and  horse-user,  summer  and  fall  visitors-- 
will  i^e  presented  and,  whenever  appropriate,  the  management  implications  of  these 
characteristics  will  be  identified. 

Residence 

yvlthough  distant  areas,  such  as  California  and  the  Northwestern  States  are  fairl)' 
well  represented  in  most  northern  Rock)'  Mountain  stud)'  areas,  most  visitors  to  e\'er)' 
area  were  from  the  State  in  which  the  area  is  located.   (The  Sel wa)'-Bi t terroot  is  in 
both  Idaho  and  Montana  and  almost  two-thirds  of  all  visitors  to  this  wilderness  were 
from  these  two  States.)   F-or  many  areas,  the  ]iroportion  of  visitors  frinii  the  home  State 
is  much  above  half--93  percent  for  the  Desolation,  85  percent  for  tlie  Scapegoat,  and  7[) 
percent  for  the  Jewel  Basin  Hiking  Area  to  name  only  a  few. 

1-urthermore,  within  the  home  State,  most  visitors  are  from  the  region  neai'  the 
wilderness,  as  figure  20  shows  for  the  Spanish  Peaks  Primitive  Area,  which  is  present^'d 
as  an  example.   The  area  around  Bozeman,  Montana,  (_)nl)'  about  30  miles  awa)',  is  the  major 
source  area  for  Spanish  Peaks  visitors. 

One  might  expect  that  horseback  travelers  (man)'  of  whom  emplo)'  (,)ut  f  i  1 1  ers  )  ,  fall 
visitors,  and  overnight  visitors  would  more  often  be  from  out -of -Stat  e.   This  was  t  I'ue 
of  some  areas  (such  as  the  Bob  Marshall  and  (Ireat  Bear],  init  the  opposite  was  true  of 
other  areas,  such  as  the  Scapegoat  and  Spanish  Peaks. 

The  implication  is  that  visitor  information  jirograms  can  be  directi'd  primai'il)'  at 
people  within  the  region  and  still  reach  most  of   tiie  target  ]iopu  lat  i  on .   This  means 
the  communication  task  ls  not  as  difficult  as  original  1)'  t  liought  and  is  a  t'actor  favoi-ing 
aggressive  use  of  information  and  education  as  management  tools. 

Although  wilderness  areas  are  coimiionl)'  considered  a  national  resource,  their 
recreational  function  is  jiredominant  1 )'  regional.   (Wilderness,  of  course,  lias  nther 
functions  in  addition  to  recreational.)   In  terms  of  classification  ami  resource  alloca- 
tion issues,  as  well  as  public  involvement,  this  residence  pattern  sug,gests  that  the 
regional  population  is  the  mam  group  directl)'  affected  and  lias  a  larg.e  stake  in  decisii>ns 


KEY: 

7  Percent  of  Visitor  Groups  from  the  area  indicated 
^  Less  than  1/2  of  1  percent 

Figure  20. --Most  visitors  to  the  Spanish  Peaks  Primitive  Area  live  nearby,  in  south- 
western Montana,  although  some  visitors  come  from  all  parts  of  the  country. 

There  is  also  the  implication  that  opportunities  for  dispersed,  roadless  recrea- 
tion (not  necessarily  all  in  classified  Wilderness)  should  be  widely  distributed  through- 
out the  country  to  serve  the  public.   Wilderness  or  similar  areas  in  one  region  play 
only  a  small  role  in  providing  recreation  to  people  living  in  other  regions. 

Urban/Rural  Residence 

Most  visitors  were  urban  residents  (table  17).   From  45  to  90  percent  of  the 
visitors  to  eacli  of  the  study  areas  lived  in  urban  areas  (areas  with  over  5,000  people). 
Visitors  to  the  Desolation  Wilderness  were  most  often  from  urban  areas;  those  to  the 
Great  Bear  and  Cabinet  Mountains  were  least  often  from  urban  areas. 
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Horsemen  were  more  often  from  rural  areas  than  hikers  everywhere  except  in  the 
Great  Bear.   In  a  few  places,  especially  the  Spanish  Peaks,  the  pattern  was  complex; 
horsemen  were  not  only  more  often  from  rural  areas  but  also  more  often  from  large 
cities--ordinarily  with  outfitters  on  trail  rides.   Fall  visitors  were  more  frequently 
from  rural  areas  in  most  of  the  study  areas,  but  the  Great  Bear  and  the  Mission 
Mountains  Wildernesses  showed  no  relationship  between  season  and  residence.   Length 
of  stay  (day  use  or  camping)  was  not  consistently  related  to  residence.   In  about 
half  the  study  areas,  more  day  users  were  from  rural  areas  than  was  true  of  campers, 
and  in  the  other  half,  more  campers  were  from  rural  areas. 

Thus,  most  visitors  had  an  urban  perspective  on  wilderness  conditions;  for  example, 
perhaps  little  familiarity  with  or  tolerance  for  horse  manure.   There  may  also  be  a 
suggestion  that  temporary  escape  from  urban  conditions  and  pressures  was  a  motivation 
for  wilderness  visits.   Most  visitors  to  all  nine  areas,  however,  were  from  small-  to 
medium-sized  cities  (5,000  to  1,000,000)  rather  than  large,  metropolitan  areas.   Only 
the  Desolation  with  15  percent  had  over  10  percent  of  its  visitors  from  cities  with 
populations  of  more  than  1,000,000  people. 

Tlie  childhood  residence  of  most  visitors  was  much  more  rural  than  their  current 
residence.   A  majority  of  visitors  to  every  area,  except  the  Desolation  Wilderness, 
spent  most  of  their  childhood  in  rural  surroundings.   For  the  Desolation,  21  percent 
grew  up  in  rural  areas,  compared  to  the  10  percent  who  lived  in  such  places  at  the 
time  of  the  study. 

Some  of  this  difference  probably  reflects  a  general  rural -to-urban  movement  that 
has  been  going  on  for  generations.   For  example,  the  proportion  of  the  United  States 
population  living  in  rural  areas  dropped  from  36  percent  in  1950,  when  most  of  the 
visitors  were  in  their  childhood  years,  to  27  percent  in  1970.   But  the  shifts  between 
childhood  and  current  residences  exceed  the  general  population  change  at  all  areas 
except  the  Selway-Bitterroot  (51  percent  spent  their  childhood  in  rural  areas,  44  percent 
now  live  in  such  areas).   For  example,  51  percent  of  the  Mission  Mountains  visitors  grew 
up  in  rural  areas,  but  only  27  percent  (the  national  average)  lived  in  rural  areas  in 
1970.   This  points  to  the  possibility  that  a  rural  childhood  background,  especially  if 
it  is  follovsfed  by  a  move  to  a  city,  tends  to  create  or  foster  an  interest  in  wilderness. 
One  might  hypothesize  that  for  these  people  there  is  some  nostalgia  or  longing  for 
remembered  rural  settings  and  more  dissatisfaction  with  urban  conditions. 

The  American  rural-to-urban  migration  is  slowing  down,  simply  because  it  has  about 
run  its  course  (although  there  is  some  migration  back  to  smaller  towis).   This  might 
mean  that  this  influence  on  wilderness  tastes  may  lessen  in  the  future,  but  this  is 
highly  speculative. 


Types  of  Groups 


Family  groups,  including  families  with  friends,  are  in  the  majority  in  every  area 
studied,  except  the  Great  Bear,  where  groups  of  unrelated  friends  are  most  coiranon  (table 
18).   Groups  of  friends,  usually  male,  are  the  second  most  common  type  of  group  everywhere 
except  in  the  Great  Bear.   Such  groups  make  up  from  29  to  37  percent  of  the  groups  visit- 
ing the  other  eight  study  areas.   In  most  areas,  about  half  the  groups  included  children. 
Groups  sponsored  by  sucli  clubs  or  organizations  as  the  Sierra  Club,  outings  clubs,  Boy 
and  Girl  Scouts,  and  churches  accounted  for  from  0  (the  Great  Bear)  to  8  percent  of  all 
groups  per  area.   Lone  individuals  were  even  less  common,  ranging  from  0  (the  Great  Bear) 
to  b  percent  of  the  total. 
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Group  types  varied  by  season,  method  of  travel,  and  length  of  stay.   Family  groups 
were  most  common  during  the  summer  in  every  area  and  groups  of  friends  were  more  common 
:n  the  fall.   Horsemen  were  more  often  friends  in  every  area,  except  the  Scapegoat. 
Finally,  day  users  were  more  often  families  than  were  overnight  campers,  although  a 
majority  of  campers  were  family  groups  in  most  places. 

This  group  structure  suggests  that  motives  for  wilderness  visits  include  strength- 
ening family  ties,  perhaps  to  a  greater  degree  than  male-dominated  adventure  and  achieve- 
ment motives. 

The  small  role  of  organization-sponsored  trips  refutes  notions  that  wilderness  is 
a  recreational  preserve  for  certain  clubs.   In  terms  of  wilderness  classification 
decisions,  this  seems  to  be  an  irrelevant  argument.   It  is  also  clear  that  use  manage- 
ment efforts  must  reach  the  general  public  and  family  groups.   Obviously,  focusing  on 
organized  groups  misses  most  visitors. 

Sex 

Most  visitors  are  male.   The  Great  Bear  has  the  highest  percent  of  male  visitors-- 
87  percent.   In  all  other  areas,  between  70  and  80  percent  of  the  visitors  are  male. 
The  Desolation  Wilderness  data  cannot  be  used  here  because  only  persons  whose  names 
appeared  on  permits  were  sampled,  and  these  people  were  90  percent  male.   In  the  fall, 
82  to  100  percent  of  the  sampled  visitors  arc  male. 

Except  during  the  fall  in  a  few  of  the  major  big-game  hunting  areas,  women  are 
common  wilderness  visitors.   Female  wilderness  rangers,  employed  many  places  now,  are 
certainly  not  out  of  place.   As  the  type-of-group  information  also  suggested,  the 
motives  for  wilderness  visits  and  the  benefits  received  clearly  are  not  limited  to 
stereotyped  male  status-seeking,  "proving  you  are  a  he-man"  sorts  of  reasons. 


Age 


•Age  often  comes  up  in  discussions  of  wilderness  land  classification.  The  idea  that 
wilderness  is  inaccessible  to  older  people  is  commonly  mentioned.  The  data  in  table  19 
enable  one  to  judge  how  much  truth  there  is  to  this  argument. 

Sometimes  it  is  also  stated  that  young  children  are  excluded  from  wilderness.   The 
data  cannot  be  used  to  examine  this  idea;  only  persons  16  or  older  were  sampled.   The 
data  on  presence  of  people  younger  than  16  given  in  table  18  give  some  indication  that 
children  are  common  in  wilderness,  but  provide  no  details  on  age  distribution. 

Younger  adults  are  common  (table  19).   People  in  their  20's  and  early  30's  form 
a  larger  proportion  of  wilderness  visitors  than  of  the  general  population,  but 
people  from  55  through  54  are  still  about  equally  represented  among  visitors  and  in  the 
population.   Only  the  55  and  older  people  are  substantially  under-represented  in 
wilderness.   Population  figures  for  the  States  supplying  most  of  the  visitors  (Cali- 
fornia, Idaho,  and  Montana)  might  show  a  slightly  different  picture  than  national 
population  data. 

V^isitors  riding  horses  were  somewhat  older  than  hikers  in  all  areas.   Campers 
tended  to  be  younger  than  day  users,  although  the  differences  were  not  great.   There 
was  no  consistent  association  of  age  and  season  of  year  of  visits. 
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Based  on  persons  lb  )'ears  or  older  onl>-  (including  United  Statc'S  population 
percentages,  also). 

"Not  applicable.   Data  available  onl}'  for  permit -lio  iders  (pai-t>'  leaders). 


It  does  not  api^ear  that  wilderness  classification  and  nianaeement  pi-actices  ai'e 
markedl}'  discriminatory.   All  types  of  outdoor  recreation  liave  lowei-  ])art  i  c  i  jial  i  on  b\- 
older  people  (Bureau  of  Outdoor  Recreation  1972;  ORKRi:  19(i2a),  and  wilderness  recri\ilion 
fits  a  familiar  pattern.   Tlie  data  impl\-,  however,  that  restrictions  on  u-^e  oi'   hoi-se^ 
I  would  affect  older  people  adversely. 

!      There  is  also  an  implication  that,  if  current  birtli  I'ale  ti'ends  persist  and  the 
United  States  population  structure  sliifts  to  more  older  people,  t'uture  growth  in  wild- 

'  erness  use  might  be  slowed  (Marcin  and  Lime  197{i).   Recreation  |ta  I't  i  c  i  pat  i  on  ,  houever, 
is  influenced  by  many  factors  that  interact  in  complex,  jioorl}'  understood  wa\s.   1  oi- 
example,  as  young  people  who  now  visit  wilderness  age,  man\'  ma)'  continue  to  visit 

^  wilderness.   If  this  happens,  the  present  decline  in  participation  b>-  oldei-  people 
could  be  sharpl}-  reduced. 
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Education 

High  educational  levels  are  the  most  distinguishing  social  characteristic  of 
wilderness  visitors.   Compared  to  other  factors,  such  as  age,  educational  differences 
between  wilderness  visitors  and  the  general  public  are  much  wider  (table  20).   From  a 
fourth  to  a  half  of  the  sampled  visitors  to  each  area  are  college  graduates,  compared 
to  11  percent  of  the  general  population  at  least  25  years  old. 

'I'able  20. --Education  level    distribution   as   a   percent   of   total    visitors,    by   area,    and 

for    the   population   of   the   United   States 

Years  of  schooling  completed 


Area  0  to  8  9-11 12  15-15  16  More  than  lb 

Desolation  Wilderness          *         5       12      29  11          42 

Selway-Bitterroot  Wilderness    3  10       27      23  9          27 

Bob  Marshall  Wilderness         4  14       22      17  11          31 

Cabinet  Mountains  Wilderness    5  22       26      24  8          15 


29 

11 

23 

9 

17 

11 

24 

8 

24 

9 

16 

12 

26 

8 

15 

24 

Scapegoat  Wilderness  4  13  30  24  9  18 

Mission  Mountains  Wilderness  4  14  15  16  12  35 

Spanish  Peaks  Primitive  Area  2  10  21  26  8  30 

Great  Bear  Wilderness  3  6  29  15  24  24 

Jewel  Basin  Miking  Area  5  17  30  20  9  18 

United  States  population 

1970^  28        17 34 10 U^ 

^ Based  on  persons  25  years  of  age  or  older. 

^Thc  11  percent  national  figure  includes  the  two  columns  above  (16  and  more  than  16' 

*Less  than  0.5  percent. 

Because  about  50  percent  of  the  sampled  visitors  in  most  areas  are  under  25  and  are 
still  students  (see  table  21),  educational  attainments  will  rise;  so  the  differences  in 
the  table  arc  understated.   From  15  to  more  than  40  percent  of  the  sample  b\-  area 
are  pursuing  graduate  studies  or  have  in  the  past.   In  most  areas,  the  proportion  of 
visitors  going  beyond  college  graduation  is  greater  than  the  proportion  of  the  United 
State  population  that  goes  be)'ond  liigh  school. 

Why  tliis  association  is  so  strong  is  not  known.   Wilderness  recreation  is  part  of 
the  university  life-style  for  many.   It  is  not  knomi  if  interest  in  wilderness  recrea- 
tion is  a  result  of  the  educational  process  itself,  of  the  interests  of  people  attracted 
to  universities,  or  to  some  more  complex  interaction. 

Areas  vary  substantially  in  educational  levels.   The  Desolation  Wilderness,  where 
data  refer  only  to  party  leaders,  has  the  highest  educational  levels.   Several  of  the 
less  well-knowii  Montana  areas  have  tlie  lowest  educational  levels  reflecting  population 
characteristics  of  nearby  communities--smal 1 ,  forest  industry  towns,  rather  than  univer- 
sit\-  towns.   Montana  areas  with  lower  education  levels,  however,  are  still  above 
national  averages.   Backpackers  have  particularly  high  educational  levels,  liighcr  than 
horseback  riders,  and  summer  visitors  average  more  education  than  fall  visitors. 
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Tliese  high  educational  levels  imply  that  visitor  information  and  educational 
jirograms  could  be  particularly  effective  management  tools.   This  seems  fortunate,  because 
educational  programs  offer  an  attractive  nonauthoritarian  management  tool.   It  sliould  be 
possible  to  communicate  complex  ideas  at  high  levels,  if  necessary.   It  also  suggests 
that  explanations  could  be  more  effective  than  "do's"  and  "don'ts." 

The  sharp  increase  in  United  States  educational  levels  following  World  War  II 
appears  to  have  ended.   This  might  suggest  a  slowing  dowi  in  the  future  growth  of 
wilderness  use. 

Occupations 

Occupational  patterns  are  consistent  with  the  high  educational  levels  (table  21). 
The  professional  and  technical  occupations  and  students  are  five  to  seven  times  more 
common  among  the  sampled  wilderness  visitors  than  for  the  general  United  States  popula- 
tion.  These  two  categories  account  for  a  majority  of  the  visitors  to  most  areas.   If 
State  occupation  statistics  were  used,  comparisons  would  not  change  appreciabl)' . 
Clerical,  sales,  and  service  workers  (most  of  whom  are  female)  are  the  most  under- 
represented  groups,  followed  by  housewives.   Proportions  of  other  occupations  do 
not  diverge  greatly  from  national  figures. 

Professional  and  technical  persons  and  students  made  up  a  larger  proportion  of 
hikers  than  of  horse  travelers,  who  were  more  often  "blue  collar"  craftsmen,  laborers, 
and,  in  some  areas,  farmers.   Students  made  up  a  larger  percentage  of  campers  than  da>" 
users  in  almost  all  study  areas.   Professional  and  technical  workers  and,  in  many  areas, 
housewives,  were  relatively  more  common  in  the  summer  than  fall.   Blue-collar  craftsmen 
and  laborers  and,  in  a  few  areas,  students  made  up  a  larger  proportion  of  fall  visitors. 

This  occupational  pattern  carries  implications  similar  to  education. 

Income 

Income  patterns  vary  considerably  between  areas  (table  22).   A  number  of  areas 
have  income  distributions  close  to  national  averages  (Selway-Bitterroot ,  Cabinets, 
Scapegoat,  Mission  Mountains  Wildernesses,  Spanish  Peaks  Primitive  Area,  and  Jewel 
Basin  Hiking  Area).   The  other  three  areas  are  distinctly  above  av^'rage  in  income. 
The  Great  Bear  Wilderness,  an  area  with  airplane  access,  has  the  highest  income.   The 
Bob  Marshall  Wilderness,  with  the  most  horse  and  outfitter  use,  is  also  high,  as  is 
the  Desolation  Wilderness,  the  data  for  which  are  for  1972,  reflecting  some  inflation 
relative  to  the  other  areas.   Also,  to  some  extent,  this  reflects  the  fact  that 
average  income  in  California  was  about  12  percent  above  the  United  States  average. 
(Montana  income  averaged  about  11  percent  below  the  United  States  average.) 

In  general,  the  belief  that  wilderness  visits  are  beyond  the  means  of  all  but  the 
wealthy  is  unsupported  by  the  data,  as  pointed  out  before  in  connection  with  data  on 
expenses.   From  one-third  to  more  than  half  of  the  visitors  to  every  area  were  from 
families  with  an  annual  income  of  under  $10,000  at  a  time  when  the  United  States  median 
income  was  about  $9,000.   (Because  visitors  tend  to  be  younger  than  the  United  States 
average  and  well-educated,  incomes  would  be  expected  to  rise  considerably  with  the 
passage  of  time,  of  course.)   The  income  data  suggest  that  most  visitors  could  afford 
modest  entry  fees,  if  it  were  ever  decided  to  charge  for  wilderness  use. 


52 


Tabic    22 . --Di  stribut  ion   of    t'ninilu    i  nooino   .ts   a    ;hTooiit    of    tot.-il    \-isit<>i:;,    in/   .>!■■■;,    .m,! 

for    tlio    [jopul.ithui   of    tho    Hiiitfil   st.itos 


[llCOIllC 


Less    than  $ri,Oi)i)-  $10,0(11)-  .SlS.ooo-      -^.Tijioo 

Area  $S,000  $9,000  $11,000  $Jl,'iOO        ny   move 


Desolation    UiKlerness  11  2-1  10  SS  11 

Selua\--Bi  tteiTOot    Wilderness  12  37  25  i:'  lo 

Boh   Marshall    Wilderness  d  50  23  2[)  1! 

Cabinet    Mountains    Wilderness  12  dS  2S  12  1 

ScaiK\ooat    Wilderness  11  12  20  11 

Mission   Mountains   Wilderness  15  52  2()  1()  11 

Spanish    Peaks    Primitive   Area  17  29  2()  17  II 

Great    Bear   Wilderness  9  19  22  50  2o 

Jewel    Basin    Hiking   Area  11  40  28  Id  1 

United   States   ]Topulation 

1970    (families)  19  52  27                                      22^ 


Mncoine    data    for   the    United   States    population    was    not    reported    separately    for    the 
two   liigher    income   categories    in    this    study.      The    22    percent    figure    refers    to    the    pro|)oi' 
tion   of    families    in    the    United   States    [lopulation    that    have    an    income    of   $15,000   (m-   more 


Vacations 

The  lengtlis  of  visitors'  vacations  do  not  vary  greatl>'  among  tlie  stud>'  areas  (table 
25).  In  addition,  the  patterns  of  vacations  do  not  apjiear  to  be  mucli  dil'i'erent  i'rom  t  Ik' 
general  situation  for  the  United  States  population.  In  all  but  two  ai'eas,  a  maioril}'  of 
the  visitors  rc]U)rt  2  weeks  or  less  of  vacation  annual  1\'. 

The  statements  sometimes  made  to  the  effect  thai  on  1  >•  persons  with  unusual  amounts 
of  leisure  time  can  visit  wilderness  are  not  suppoi'ted  b)-  t  iie  data. 


Table  23. --Distribution   of  lengths   of   vacation   received  as   a   percent   of   total    visitors , 

by   area 

~~~~  Weeks  of  vacation 


\ 


Area 0 1-2       5-4 More  than  4 Other ^ 

Desolation  Wilderness  18       26        41  7  8 

Selvvay-Bitterroot  Wilderness      22       29        29  8  12 

Bob  Marshall  Wilderness  31       20        38  9  2 

Cabinet  Mountains  Wilderness      29       27        39  3  2 

Scapegoat  Wilderness  31       26        38  6  0 

Mission  Mountains  Wilderness      24       23        35  10  8 

Spanish  Peaks  Primitive  Area      18       19        36  9  18 

Great  Bear  Wilderness  33       34        26  5  4 

Jewel  Basin  Hiking  Area  37       29        26  5  3 

^Lengths  of  vacation  that  do  not  fit  the  general  pattern  of  the  United  States, 
such  as  those  for  some  students  and  for  retired  and  unemployed  people. 


Previous  Experience 


Every  visitor  to  a  wilderness  comes  with  a  variable  background  of  outdoor  recrea- 
tion and  wilderness  experience  that  shapes  their  preferences,  reactions  to  area 
conditions  and  management  actions,  and  their  knowledge  and  skills.   Most  visitors  to 
all  areas  have  considerable  previous  experience  (table  24).   From  75  to  89  percent  of 
tlie  visitors  have  visited  wilderness-type  areas  before,  and  59  to  70  percent  have 
visited  the  specific  study  area  before. 

Most  of  those  with  previous  wilderness  experience  were  introduced  to  wilderness  at 
young  ages--in  most  areas,  about  one-third  to  one-half  made  their  first  wilderness 
visit  before  their  16th  birthday.   Parents  played  an  important  role  in  introducing  tlieir 
children  to  wilderness,  but  the  majority  of  visitors  were  introduced  to  wilderness  by 
other  ]iersons  or  organizations.   Most  visitors  had  car-camped  with  their  parents,  however, 
suggesting  influences  that  may  have  helped  develop  interests  in  the  outdoors  and  nature. 
Only  about  20  percent  of  the  population  car  camps  (Bureau  of  Outdoor  Recreation  1972), 
so  the  fact  that  50  to  60  percent  of  the  parents  of  wilderness  visitors  camped  suggests 
a  significant  role  in  the  formation  of  leisure  life  styles.   The  car-camping  boom  of 
the  50' s  and  60' s  may  l)e  producing  a  fallout  of  wilderness  visitors  now. 

Typically,  visitors  make  three  or  four  wilderness  visits  per  year  and  spend  6  to  10 
da\'s  in  wilderness  (table  24).   (This  is  another  indication  of  the  prevalence  of 
fairl)'  short  wilderness  trips.) 

The  fact  that  most  visitors  make  numerous  wilderness  trips  and  visit  other  wilder- 
nesses implies  that  reasonable  uniformit)'  in  basic  regulations,  permit  forms,  and 
recommended  practices  is  desirable.   The  freciuent  trips,  often  to  the  same  area,  suggest 
tlie  possibility  of  carryover  experiences  influencing  later  behavior;  for  example,  if  a 
trail  register  is  out  of  cards  and  pencils  on  one  visit,  visitors  might  ignore  the 
registration  station  on  their  next  visit. 
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Information  Sources 


Maps  and  guidebooks,  which  can  be  useful  management  tools,  were  carried  by  about 
half  of  the  visitors.   The  percentages  of  visitors  with  maps  or  guidebooks  varied, 
liowever,  from  55  to  88  jiercent  among  the  nine  study  areas  (table  251.   The  lowest  map 
usage  was  in  the  Cabinet  Mountains  Wilderness  and  Jewel  Basin  Hiking  Area;  the  highest 
was  in  the  Desolation  and  Bob  Marshall  Wildernesses.   Differences  in  the  quality  and 
availability  of  maps  from  one  area  to  another  account  for  much  of  the  variation.   Man\-  of 
the  parties  witliout  maps  were  on  short,  da\--use  visits.   There  obviousl)-  is  strong 
potential  interest  in  maps,  which  makes  them  a  useful  way  of  attracting  visitors'  atten- 
tion to  other  information,  either  on  map-brochures  or  on  bulletin  boards  at  trailheads  or 
registration  stations.   To  attract  visitors,  maps  must  be  good  ones,  capable  of  adding 
something  beyond  the  excellent  U.S.  Geological  Survey  topographical  maps  now  available 
for  most  wildernesses.   This  is  suggested  b\-  our  findings  in  the  Spanisli  Peaks  Primitive 
Area.   At  the  time  of  tlie  study.  Forest  Service  maps  were  small,  general,  sketch}-,  and 
inaccurate  in  some  places^;  so  Spanish  Peaks  visitors  used  fewer  Forest  Service  maps 
and  more  IISGS  maps  than  visitors  to  an\'  other  area. 


Table  25. --Use   of  maps   and   guidebooks ,    as   a   percent   of   total    visitors ,    by   area 


I 


Ar  e  a 


Desolat  ion 
Wi  Idcrness 


Ikad  map 
(percent 
of  total 
visitors 


Type  of  map -guide 
(]")ercent  of  those  with  maps-guides 


Forest 

Forest 

Forest 

uses 

Guide- 

Service 

Service 

Service 

maps 

book 

onl>- 

and  uses 

and  guidebook 

on  1  y 

only 

Other^ 

25 


Sel way- Bitter root 
Wi  Iderness 


52 


58 


15  0 


Bob  ^klrshall 
Wi  Iderness 


80 


65 


11     0 


Cabinet  Mountains 
Wi  Iderness 


33 


79 


Scapegoat 

Wi  Iderness 


48 


65 


11     0 


Mission  Mountains 
Wi  Iderness 


50 


68 


10 


Spanish  Peaks 

Primitive  Area 


44 


55 


52 


Great  Bear 
Wi  Iderness 


61 


46 


13     0 


15 


Jewel  Basin 
Hiking  Area 


39 


11     0 


■^"Other"  includes  other  ty]:)es  of  maps,  and  additional  combinations,  such  as  USGS 
maps  and  guidebooks. 


^The  present  Forest  Service  Spanish  Peaks  Primitive  Area  map,  which  has  a  USGS 
contour  map  base,  is  excellent. 
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Club  Membership 


Only   about    one- t'ourt  h    to   oiio-third    o\'   uildcnioss    visitors    1(>    \i.ai-s   of'  .{':\v   nv   ohlor 
belong    to    coiiscf\'at  i  t^ii   or    outdoor    rcci'catioii    oiubs    (talile    J(   )  .       This    pri'iiort  i  on    varii."- 
little   anionic   areas,    but    the    t>'pes    of'   elubs    are    hij^lil)'    variable.        In    thi'ee    ai'ias,    ihe 
wilderness-oriented    national    organ  L;at  ions  ,    ]ir  i  mar  i  1  }■    the    Si^auM    Cjui)   and    t  lie    hilderiiess 
Society,    aeeount    i"or   o\'er    lia  1  f   of    the    club   nieinbers- -t  lie    IIl'So  1  a  t  i  on    l\  i  Ide  i  lies-;  ,    (i~ 
percent,    and    tlie   Mission    Mountains   U'i  Iderness    and    Spanisli    i'eaks    Primitive    Ai'ea  ,    botii    TiTi 
percent.       In    the   otlier   areas,    national    conservation    organizations    uitheut    majer   hilderau" 
emphasis   and    local    outdoor    recreation    clubs,    usual  !}■   on    the   ordi'r   el"    red    and    '.mui    clulv^ 
or   outing   clubs,    accounted    for  most    club   members. 

Overall    about    tuo-thirds    of   the    club   members    belong   to   oiil_\'   eiie   club,    JO    |)ei-e(.'nt 
belong   to    two,    8    percent    to    three,    and    less    than    S    percent    to   more    than    three. 

It    is   ap]iarent    that    ui  Iderness    is    not    ]irimaril}"   a   preserve    for   members   of   pro- 
wilderness   clulis.      At    most,    in   the    Desolation    Wilderness,    less    than   one-foui'th   of   ail 
visitors    belonged    to    such    clubs.      This    figure    is   derived    from   table    2i> ,    based    on    the 
fact    that    55    percent    of   the   visitors    belonged    to   clubs    and    (i?    peri:ent    oi'   those    beloniK-d 
to   wilderness-oriented    clubs.      They   are   a    sizable   minorit)'   and    important    contacts    I'oi" 
information   and    education    efforts    and    public    involvement    programs.      Such   contacts, 
however,    cannot    do   the    iob   alone. 


Comparison  to  Other  Studies 


Similarities  among  tlie  studv'  areas  are  more  common  tlian  differences.   (leiieralU- 
the  findings  of  other  studies  of  wilderness  visitors  are  similar  as  well.   Areas  a  i-c 
not  uniform,  however;  there  are  a  varict)'  of  unique  combinations  of  use  and  user  char- 
acteristics.  The  pattern  of  common,  short  visits  by  fairl)'  small  hiking  groups  has 
shown  up  in  all  wilderness  use  studies  (ORRRC  l'Jt)2b;  Lucas  19(>4;  Bin-ch  and  Wengei-  r.)()7 ; 
Hendee  and  others  19bS;  Stankey  1971;  Murray  1974;  Towler  1977;  Leonard  and  others  197N; 
Bratton  and  others  1977;  Fxhelberger  and  Mocller  1977).   The  few  studies  with  information 
on  distribution  of  use  (Lucas  19b4;  Lime  1977;  Towler  1977;  Letniard  and  othei'S  rJ7,S )  also 
show  luieven  use. 

Other  studies  have  also  shovvii  most  use  by  people  living  in  the  surrounding  region 
(F.lsner  1972;  Leonard  and  others  1978).   Most  of  the  user  cliaract  er  i  st  i  cs  reported  here 
are  similar  to  those  found  el  sewhere--predomi  nant  1>'  urban  residence,  most  commonl>'  l'amil\' 
groups,  males  in  the  majority,  moderate  overrepresentat  ion  of  x'oung  adults,  higli  educa- 
tional levels  (except  in  West  Virginia,  Echelberger  and  Moeller  1977),  professional- 
technical  occu]")at  ions ,  slightly  above-average  incomes,  near-average  vacation  lengtiis, 
considerable  wilderness  experience,  and  frequent  short  wilderness  trips  each  \ear  (ORURl" 
1962b;  Lucas  1964;  Burch  and  Wengcr  1967;  Hendee  and  others  19()S;  Stankev  1971;  ^1urra>- 
1974;  Towler  1977;  Leonard  and  otiiers  1978;  Bratton  and  others  1977;  iiclielberger  and 
Moeller  1977). 

USER  ATTITUDES 

Attitudes  have  many  important  implications  for  wilderness  management  and  jHilic)' 
and  arc  most  difficult  for  a  manager  to  estimate  from  occasional  contacts  with  visitors. 
Data  will  be  presented  for  several  general  attitudes  related  to  importance  ol"  wildei'iiess 
and  to  tlie  nature  of  wilderness  appeals.   Tliesc  attitudes  are  relevant  to  bi-oad  [lolic}- 
issues.   Other  attitudes  relate  to  carrying  capacit)'  and  otliers  to  alternative  manage- 
ment policies  and  actions. 
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Attitudes    indicate    a    tendency   to    resjiend    to    some    situation    or    vwwX     in    a    jia  i-r  i  cu  1  a  i- 
ua_\',    either    internallv    (such    as    satisfaction    or   d  i  ssat  i  ^I'ac  t  i  on  )    or   overt  l\'    (■^uch    as 
conipl  i  ance   or   violationl.       Human    liehavior   occurs    in    complex    situations    ri-c'(iu(,'nt  I  \ 
requirinu   a    res]ionse    in    tlie    face    oi'   conflicting    attitudes.       Tlius,    ,1    siiu'Il'    attitude    iiia\- 
not    alua_\s    predict    actual    liehavior    as    jirecisel)'    as    we    mijdit     like,    hut     still    can    hc' 
useful    to   managers.       for   example,    visitors   iiia\'    continui'   to   visit    a    crnu'di-d    uildmicss 
even    though    the\-    sa}'    thev   dislike    heav\'   use.       Is    this    inconsistent?      Ai'o    peopU'   dis- 
honest   or    hypocritical?      Should    managers    citnclude    tliat    lieav>'   use    is    not    inides  1  I'ah  k' ? 

The   answer    to   all    these   (juestions    is,    "not    necessar  i  1>'. "      Visitors    ma}-    l\i.l    t  lu- 
area    is    still    beautiful;    the>'    ma>'    know   of   no    other    similar,    more    lightl}'   used    ai'ua;    t  hc\' 
ma\'    believe    that    sta_\'ing   awa}'   would    do    almost    nothing    to    improve    coiKlit  ions    in    thu    area 
but    would   deprive    them   o\'   an>'    use   of   that    area    at    all,    and    so   on.    Still,    th(.'li'   cxprossi'd 
attitude   ma>'    indicate    correctl)'   that    tlie}'   would    enjo}'   their   visits    more    if   use    soiiRdmw 
could   be    reduced. 

Attitudes    should    be   used    by   wilderness   managers    as   an    important    factor    in    making 
management    decisions,    but    not    as   the    sole   i.leterm  i  nant  .      Resource    capabilitx',    manpower   and 
budget    limits,    legal    and    polic}'   goals,    and    constraints   must    be   coiiil)ined    witli    attitude 
and   otJK-r   use   and    i>ehavioral    data   to   make   management    choices.      IVilderness   management     is 
a    com]")lex    challenge,    and    cannot    be    based    siiiipl\-   on   attitudes   as    though    the)'   were    votes. 
In    some   cases,    managers   ma_\-    need    to    take   actions    that    conflict    sharpl)'   with    \'isitor 
attitudes;    knowing    that    such    is    the    case    could    still    l^e    valuable    to   managers,    liclping 
them   to    recognize   tlie   need    for   explanation   and    justification   to    gain   visitor   acceptance. 

General  Attitudes 

Most  visitors  said  that  wilderness  (or  "Ixick  country"  for  the  nonw  i  Idcrness  stud}' 
areas)  was  "extremel}'  important"  to  them  ( 07  to  81  jiercent  )  .   Over  'JO  percent  said  it 
was  at  least  "ver}'  important"  (table  27).   Differences  between  areas  are  small--the 
Cabinet  Mountains  Wilderness  and  Jewel  Basin  Hiking  Area  visitors  gave  slightl}'  lewLU- 
than  average  importance  ratings  and  the  visitors  to  the  Desolation  and  I'.db  ^larshall 
Wildernesses  gave  higher  than  average  importance  ratirigs. 

Table  27 . --importance   of   wilderness    to    visitors,    as   a    percent    of    total,    bu   stihhi   area 

lixtremel}'   \'er}'     f'airl}'    Not  \'er}'    Not  iiiipur- 
impor-    im]ior-     impor-     impoi--     tant  at 
Area  tant      tant       tant       tant         all 


Desolation  Wilderness  81  1()  2  0  0 

Selway-Bi tterroot  Wilderness  70  23  7  1  0 

Bol)  Marshall  Wilderness  78  19  2  1  D 

Catiinet  Mountains  Wilderness  67  2.3  S  1  0 

Scapegoat  Wilderness  75  19  (>  0  0 

Mission  Moinitains  Wilderness  77  17  (>  1  D 

Spanish  Peaks  Primitive  Area  74  21  (>  H  D 

Great  Bear  Wi Iderness  73  20  S  1  0 

Jewel  Basin  llikine  Area  (),3  27  9  0  0 


Unfortunatel}',  there  is  no  basis  for  comparison  with  other  types  of  outdoor  recrea- 
tion or  recreation  areas,  but  this  level  of  perceived  importance  seems  to  be  very  high 
and  helps  explain  the  intensity  of  feeling  about  wilderness  exhibited  by  many  people. 
It  also  may  suggest  a  high  level  of  commitment  that  could  be  used  to  seek  cooperation  in 
using  wilderness  in  ways  that  help  to  protect  it. 

Visitors  were  asked  why  they  chose  to  visit  a  roadless  wilderness  instead  of  some 
other  type  of  area.   This  was  an  open-ended  question  with  no  suggested  responses.   A 
content  anal\-sis  technique  was  used  to  categorize  responses.   Up  to  three  answers  (the 
first  three)  were  tabulated  for  each  person,  and  three  responses  stood  out  ftable  28). 
Wilderness  cjualities  led  the  list,  with  25  to  45  percent  of  the  visitors  citing  attribut 
such  as  primitive,  unmodified,  virgin,  natural,  and  roadless  areas,  solitude,  isolation, 
and  no  motors.   The  Bob  Marshall  and  Selway-Bitterroot  Wildernesses  were  highest  in 
wilderness  attributes,  followed  b\-  the  Spanish  Peaks,  Mission  Mountains,  and  Scapegoat 
Wildernesses.   The  Cabinet  Mountains  Wilderness  was  lowest  in  wilderness  attributes 
along  with  the  Desolation  and  Great  Bear  Wildernesses,  and  the  Jewel  Basin  Hiking  Area. 
The  second  most  common  reason  for  a  wilderness  visit  was  fishing,  which  ran  from  only 
9  percent  in  the  Desolation  Wilderness  and  18  percent  in  the  Spanisli  Peaks  Primitive 
Area  and  Bob  Marshall  Wilderness  to  59  percent  in  the  Mission  Mountains  Wilderness. 
Almost  as  common  was  "scenic  beauty,"  which  was  rated  around  25  percent,  except  in  the 
Mission  Mountains  and  Great  Bear  Wildernesses  where  fishing  and  hunting  were  high. 

Hiking  was  in  fourth  place.   Hunting  was  fairly  low,  except  in  the  Great  Bear 
Wilderness  (52  percent)  and  Bob  Marshall  Wilderness  (21  percent).   Social  reasons  were 
very  low  everywhere  and  are  excluded  from  table  28. 


Tabic  28. --Eight   most   cited   reasons   for   choosing    to   visit   a    wilderness   roadless   area 
rather    than   some   other    type   of   recreation   area,    percent   of   total,    by  area 

To 
Wilder-  escape 

ness     Scenic   To    To    To      Other     civiliza-   To 
Area        qualities  beauty   fish  hunt   hike   activities^     tion   relax 

Dcsolat  ion 

IVilderness  28      26       9     1     19       22  46         3 

Selway-Bitterroot 

Wilderness  42      23      18    15    13       19  9         7 

Bob  Marsliall 

Wilderness  43      20      18    21     5       10  8         7 

Cabinet  Mountains 

Wilderness  25      32      31     4     18       14  7         5 

Scapegoat 

Wilderness         37      24      25     8    12       14         11        10 

Mission  Mountains 

Wilderness  37      15      39     1     10        5  11         1 

Spanish  Peaks 

Primitive  Area      38      24      18    16    15       15  7         5 

Great  Bear 

Wilderness  28  14  25  32  1  9  6  6 

Jewel    Basin 

Hiking  Area 30      31 30     4    17 U 4        7 

■'Other  activities  include  interests  in  sjiecific  activities,  such  as  camping, 
horseback  riding,  mountain  climbing,  berrypicking ,  and  nature  study. 
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(.California's    Ik'so  1  a  t  i  on    Wildenioss    stands    in    sharp    i.'ontiMst_    to    all    othoi-    aia.as    m 
escape    from   e  i  \' i  1  i  :.at  i  on    as    a    trip   iiioti\e.       I'.scape    uas    iml)-    e  i  t  ed    li\'    '.\    to    In    pi-ixcnt    ot' 
the    visitors    in    Montana    and     Idaho,    hut    h\'     lo    pei'cent     oi'    t  lie    visitors    in    California.        In 
fact,     U)    percent    uas    the    l-ii;j,hest     frequeiic}'    foi-   an)'    responsi.'    cat  (.'s'.oi-y    in    ans    aixa.        iin' 
obviitus    liN'pothesis    for    future    testing    is    that    the    more    urliani,:ed,     1  a  r;j,e  -  c  i  t  \'    i-nv  i  nuinient 
vi'   most    California    visitors,     in    contrast    to    the    touii    and    small  -cit\     r(.-sidences    nf   ninst 
Northern    Rock)'   Mountain    visitors,    creates    a    greatei'    need    l'iir    pL'i'iodic    teinporai-\    cscajK-. 

Most    other    studies    of   wilderness    visitors    have    found    escajie    from   c  i  \  i  1  i  .:a  t  i  on    to    he 
an    imiiortant    factor    (Bultena    an.d    'laves    19bl;    (JRRRC    I'.'oJb;    llendee    and    others    I'.UxS). 
None   of   tlie    question    formats    were    similar    enough    to    |)ermLt    (juant  i  t  at  i  ve    comjia  r  i  sons  ,    hut 
it    appears   that    the    escape   responses    in    the    Desolation    IVi  Iderni-ss   ma)'    he    rourjil)'    in    line 
with   other    studies,    which   also    involved   visitors    from   highl)'   uriiani.:ed    areas.       TIil'    low 
importance    attached    to    escape   moti\'es    in    the    Montana- klalio    areas    is    t  lie    unusual     findini'. 
In    the   Northern    Rocl\)'   Mountains,    wilderness    visitors    seem  motivated    ovei-whe  Im  i  ng  1  )•    li\' 
the   positive   attractions   of   wi  Iderncss- -the    luill    of   wilderness,    witliout    a    strong, 
negative   push  out    of  urban    pressures. 

Two   areas   that    had    not    been   designated    wilderness    at    the    time   of    the    stud)'    (Jewel 
Basin   and    Sca]iegoat  )    have   jxitterns    of   apjieal    much    like    the    wildernesses,    i>ut    the    Croat 
Bear  Wilderness   does    have   a   different    pattern,    one    strong    in    hunting   and    fishing   attiMc- 
t  ions. 

In    general,     it    appears    that    jn-imary   wilderness    qualities    are   a    significant    attrac- 
tion,   but    that    recreational    opportiniit ics    not    necessaril)'  dependent    on    a    wikU-iaiess 
setting   arc   also   major   appeals.      At    least    a    good    share   of   the    fi.sliing-    and    scener')- 
oriented   j-icojile   probably   would    be    well    pleased    with   a   back   count  i')'-t)'pe   o\'   area,    that 
provided    good   opportunities    for    fishing,    hunting,    hiking,    and    horsel>ack    riding    in   a 
roadless   setting. 

Carrying  Capacity 

Overall  satisfaction  and  the  influence  of   crowding  or  use  conflict  factors  upon 
satisfaction  will  be  discussed  first,  followed  by  detailed  information  on  important 
attitudes  dealing  with  solitude  and  use  rationing. 

SATISFACTION 

All  visitors  were  asked  how  well  satisfied  they  were.   Answers  were  described  ln)th 
in  adjectives  and  letter  grades.   Rcj^orted  satisfaction  levels  were  iiigh  (table  J'.'). 
Responses  of  "A"  fexcel  lent  )  were  most  common  ever)'where  and  "A"  and  "f;"  (excL'lleiit  and 
very  good)  accounted  for  85  to  92  ]3crccnt  of  the  re]5lies  ever)'whei-e .   Sat  i  s  f.ict  i  on 
varied  little  except  for  two  areas.   The  (n-eat  Bear  Wilderness  had  an  unusual  1)'  large 
proportion  of  highly  satisfied  visitors,  but  also  had  a  relativel)'  larj'.e  propoi-tion  oi" 
low  satisfaction  responses,  as  did  the  Scapegoat  Wildeniess  (table  2'.)). 

Only  1  to  5  percent  of  the  visitors  gave  "D"  or  "!•"  grades  to  tlieii"  experiences. 
It  would  be  interesting  to  compare  similar  visitor  satisfaction  JudgiiKMits  for  other 
types  of  outdoor  recreation  areas--auto  campgrounds,  for  example.   Does  wilderness  tend 
to  produce  imusually  higli  levels  of  satisfaction,  with  jiossible  implications  foi"  its 
value? 
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Campers  were  less  well  satisfied  than  day  visitors  in  aiiout  half  of  t  lie  stiid\-  areas 
and  thei'e  was  no  appree  iali  le  difference  in  the  other  areas.   This  mi^lit  siioi^est  that 
visitors  who  sta\'  lont;er  and  penetrate  farther  see  more  problems  and  encounter  iikh-c 
disappointments.   It  is  also  proliahle  that  the  campers  have  dJfi'erent  expei-ience  levels, 
expectations,  and  somewhat  more  demandinj;  standai'ds  for  wilderness  than  da\'  visitors, 
some  of  whom  use  wilderness  in  a  rather  casual  way  and  so  may  he  ratlu>r  ea  s  i  1  \-  satisfied. 

Also,  in  about  half  the  areas,  liikers  were  iicttcr  satisfiotl  than  horsemen.   In  the 
Spanish  Peaks  Primitive  Area  the  reverse  was  true.   Other  areas  had  sii)a  1  1  differences. 
Summer  visitors  in  every  area  were  better  satisfied  than  fall  visitors.   It  ma_v  be  that 
some  fall  visitors,  who  are  more  often  horse  users  than  are  summer  visitors,  are  seeking 
an  experience  that  depends  more  on  hunting  success.   For  example,  in  the  Bob  Marshall 
Wilderness,  IS  percent  of  fall  visitors  gave  their  experience  C,  b,  or  I-  but  onl\'  S 
percent  of  the  summer  visitors  did. 

Next,  visitors  were  asked  why  they  felt  that  way  about  satisfaction.   Up  to  three 
answers  (the  first  tliree')  were  tabulated  for  each  person.   Some  were  compliments  and  some 
were  complaints. 

By  far  the  most  common  reason  everywhere  for  satisfaction  was  a  favorable  reaction 
to  scenic  beauty  and  the  wild  natural  quality  of  the  land;  at  least  half  of  the  wildei'- 
ness  visitors  mentioned  the  environment  in  every  area  except  tlie  Scapegoat  where  \2 
percent  did. 

Several  reasons  for  satisfaction  were  clustered  far  behind  the  environment.   In 
many  areas,  solitude  was  the  next  most  common  positive  influence  on  satisfaction,  men- 
tioned by  10  to  16  percent  of  the  visitors.   Crowding,  as  a  negative  influence  on 
satisfaction,  varied  from  a  high  of  15  percent  in  the  Desolation  Wilderness  to  onl\'  1  or 
2  percent  in  the  Great  Bear  and  Cabinet  Mountains  Wildernesses,  and  .Jewel  Basin  Hiking 
Area. 

Good  facilities,  such  as  trails  and  campsites,  were  cited  ahead  of  solitLide  in  some 
areas  and  after  solitude  in  others.   The  jiercentage  of  visitors  citing  good  facilities 

I  ranged  widely  from  5  percent  in  the  Great  Beai-  Wilderness  Area  to  22   percent  in  the  Jewel 
Basin  Hiking  Area,  which  is  more  developed  than  the  other  areas.   Poor  facilities  were 

i  mentioned  much  less  often,  by  from  0  to  7  percent  of  the  visitors  to  each  area. 

i      Many  places  good  fisliing  and  hunting  were  cited  second  or  third  b>'  from  S  to  IS 
j  percent  of  the  visitors.    (The  Desolation  was  lowest,  the  Bob  Marshall  highest.)   Poor 
I  fishing  and  liunting  varied  greatly  as  an  influence  on  satisfaction.   It  was  t  lu'  second 
I  most-cited  reason  fby  18  percent]  in  the  Great  Bear,  but  by  only  2   percent  in  the  liesola- 
tion  aiid  by  4  percent  in  the  Selwa\'-Bitterroot .   Of  course,  the  strength  ni'   1-ioth  compli- 
ments and  complaints  about  fishing  and  hunting  result  from  tlie  interpla}'  of  two  facti)rs: 
fish  and  wildlife  abundance  and  visitors'  interest  and  expectations  for  fishing  and 
hunting.   Thus,  the  Great  Bear  Wilderness,  wliich  has  excellent  fish  and  wildlife  popula- 
1  tions  and  which  attracts  many  visitors  strongly  oriented  to  hunting  and  fishing,  had 

"good  fishing"  or  "good  hunting"  given  as  reasons  for  satisfaction  b\'  15  percent  oi'   the 
I  visitors.   Eighteen  percent  of  the  visitors  found  the  fisliing  and  hunting  "poor."  ihe 
Desolation  Wilderness  Area,  which  has  fair  fishing  and  jioor  hunting  IkuI  "g.ood"  coiDinents 
about  fishing  from  5  percent  and  "poor"  comments  from  2   percent,  ju-obabl)-  liccause  oi' 
j  lower  expectations. 

j      Rules  and  regulations  were  almost  nt^ver  mentioned  as  influences  on  satisfaction, 
j Neither  regulations  nor  facilities  appear  to  be  problems  for  managers. 
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Different  types  of  visitors  gave  differing  reasons  for  their  satisfaction.   The 
major  differences  were  between  day  visitors  and  campers.   The  da\'  visitors  cited  scenic 
beauty  more  often  than  campers  and  solitude  (or  crowding)  much  less  often.   In  a  few 
places,  day  users  al.so  complained  more  about  fishing.   The  low  importance  that  day 
visitors  attached  to  solitude  compared  to  campers  is  consistent  with  other  wilderness 
social  carr>'ing  capacit)'  research  (Stankey  1975).   The  finding  also  supports  provisions 
for  separating  the  encounter  experiences  of  day  visitors  and  campers  in  a  wilderness 
travel  simulation  model  that  has  been  developed  (Shechter  and  Lucas  1978).   There  is  a 
suggestion  here  of  a  need  for  scenic  areas  in  which  to  hike  and  fish  that  need  not  nec- 
essarily be  designated  wilderness. 

Horseman/hiker  differences  were  less  pronounced.   Hikers  cited  scener\'  a  bit  more 
than  horsemen  and  complained  about  fishing  a  little  more,  but  did  not  differ  on  solitude/ 
crowding. 

Summer  and  fall  visitors  did  not  differ  appreciabl)'  or  consistently  on  any  of  the 
key  reasons  for  satisfaction.   It  was  expected  that  fall  visitors,  who  are  often  hunters, 
would  stress  liunt  ing  success  over  scenery  or  solitude,  but  this  was  not  true. 

NUMBER  OF  PARTIES  ENCOUNTERED  AND  VISITOR  REACTIONS 

The  degree  of  solitude  visitors  experienced  and  how  they  felt  about  the  numbers  of 
other  parties  they  met  on  their  trips  varied  sharpl}'  among  stud}'  areas  (table  30). 
Trips  var>'  in  length  and  in  opportunities  for  encounters.   The  perception  of  the  accep- 
tabilit}'  of  any  number  of  total  encounters  is  influenced  by  the  length  of  the  trip; 
therefore,  encounters  are  expressed  in  averages  per  day  in  table  50. 

Table  50. --Average  number  of  other  parties   met   per   day   on    the    trip  and  opinion   of  numbers 

met,    percent   of   total,    by   area 


Area 


Average  number  met  per  day    Opinion  of  numbers  met 

Over  Too  About  Too    Other 
0   1-5   4-10   11-20   20   few  right   many  replies^ 


Desolation  Wilderness 


9 


45 


50 


10 


45 


49 


Sel way-Bitter root  Wilderness 
Bob  Marshall  Wilderness 
Cabinet  Mountains  Wilderness 
Scaj^egoat  Wilderness 
Mission  Mountains  Wilderness 
Spanish  Peaks  Primitive  Area 
(ireat  Bear  Wilderness 
Jewel  Basin  Hiking  Area 


48 

26 

28 

2 

0 

5 

62 

22 

14 

55 

59 

8 

0 

0 

1 

52 

51 

16 

5  b 

50 

11 

5 

0 

5 

58 

17 

25 

31 

46 

19 

4 

0 

5 

55 

29 

15 

25 

50 

21 

4 

0 

4 

57 

28 

11 

2b 

49 

20 

4 

1 

5 

55 

25 

17 

61 

29 

10 

0 

0 

1 

65 

14 

21 

55 

54 

11 

1 

0 

4 

59 

15 

25 

^Includes  three  types  of  answers:  "Didn't  matter,"  "Don't  remember,"  and  "No 
answer."  These  respones  made  up  about  12,  1,  and  5  percent  of  the  total,  respectively. 


for  all  areas  com.bined 
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Tlic    Posolation    IV  i  1  dc-rnoss    st;inds    out    ;is    bciii^   d  i  i't'LTi'iit     from    tlu'    \i  iiM  liri'ii    I'.ocKn' 
Moimt<iiii    w  i  1  Jcriiosscs .       I'.iicoutit  er    levels    there    are   iiiueli    hij'.hei'    tli.in    iii    1  li'.'    nthfi'    ai'cas. 
Less    than   one-tenth   o  i"   the    Desolation    visitors    had    eoinplete    solitudi/    (an    averai'r    nf    U'-s 
than    0..S    eneounters    jier   da>)    eoinpared    to   ai)out    one-t'ourtli    to    over    halt"   >i|'    the    vi'.itnrs 
to    the    Nortliern    Roek\'    Mountain    ai-eas.        In    tlu'    Di'solation    l\  i  1  deiaiess  ,     Id    jKueent    ol     tlu.' 
visitoi-s    met    over    Id    partie'S    [ler   day    eompai'ed    to    0    to    a    per'eent     el-<ewhere. 

Hesolation   Wilderness    visitors    also    mueh  more   ot'ten    e.\j>ressed    the    feelin;.',    that    t  lu'\ 

met    too   man}'   other    visitors    than   did    visitors  to    other   ai-eas.       It    vas    t  lie    on  1  \'    aiea 

whore   a    majorit}'   of   the    \'isLtors   did    not    feel  the    number   met    was    "aiiout    ris'.ht."       in    t  Ik- 

Desolation,    aliout    half   the    visitors    said    the)'  met    "too   man_\'"   oi'    "wa\    too    inan\'"    otiier 

x'isitors    (these   answers   are   combined    in    table  .tD,    as    are    "too    t'ew"   and    "wa\'    too    few"). 

Some    studies,    dealint;   with   visitoi's    to   wild    rivers    (Nielsen    and    Shell))'    I'.T?; 
lleberlein    1977),    have    shown    little   or   no   association    betweeai    satisfaction    and    l'(  f  I  i  nv,s 
about    numbers   of   other   visitors   observed    and    numbers    of   visitors    ^aicount  L'i'i.'d .      Our  data 
show   associations    that    var\'    from   weak    to   moderately    strong,    deiiendins',   on    the    \ariables 
and    areas   considered    (table    31).      The    associations    are    strongest    between    satisfaction 
and   jierccption   of   crowding,    site   deterioration,    aiid    littering,    and    also    l)eti\een    satis- 
faction  and    success    in    finding  desired    campsite    solitude.      The   association    betwecai 
satisfaction   and    average   encounters   jicr  da\'    is    weaker   and    virtual  1}'    nonexistent     in 
about    half  of  the   areas.       faicounters    with    horse    parties    are   a    bettei'   predictoi-   of 
satisfaction   than   total    encomiters . 

Previous    stud}'   has    shown   that    man}'   visitors   would    prefer   in)t    to   meet    large    ]iartii,'S 
or   those   using    horses    (Stanke}'    1973).       In   most    areas,    a    maiorit}'    oi'   parties    saw   no 
large   grou]")S,    defined    as   more   than    10   people,    and   most    o\'   those    saw   onl\    one    part}'. 
In   the   Desolation   and    Bob   Marshall    Wildernesses,    S2    percent    of   the    visitors    reported 
seeing   no    large   parties   and    So    percent    of   the    visitors    to   the    Cabinet    ^lountains    Wilder- 
ness  Area   met    no    large   groups.      The    percentages   of   visitors   encountering    parties   of 
horsemen   varied   widely,    from   zero   percent    Iti    the   .lewel    Basin    Hiking   Area    to   SJ    perciait 
in  the   Bob  Marshall    Wilderness   Area;    however,    most    parties   met    onl}'  one   or   two   gi-ou|is 
using   horses. 

CAMPSITE  SOLITUDE 

Previous  research  has  shovvii  that  visitors  place  a  higher  value  on    solitude  at 
campsites  than  on  the  trail  (Stankey  1973).   This  conclusion  is  suppoi'tetl  b}'  data   fi-om 
this  study.   An  overwhelming  majority  of  the  visitors  to  all  areas  [ireferred  to  have  no 
other  parties  camped  within  sight  or  sound  of  them  (table  32). 

Only  in  the  Desolation  Wilderness  is  there  a  substantial  proportion  (11  percent)  oi' 
campers  wIk.i  prefer  some  company. 

Despite  more  acceptance  of  other  camper  parties  in  the  Desolation  Wiklerness, 
visitors  there  reported  much  less  success  in  finding  the  degree  of  campsite  solitude  the}' 
preferred  than  was  true  elsewhere.   At  the  time  of  the  stud}',  most  campei"s  in  the  XortlKuni 
Rockies  could  find  desired  isolatioit  every  night. 
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Table  31 . --Association  of  satisfaction  and  measures  of  solitude,    measured  by   Gamma, ^    by  area 


Association  between  satisfaction^  and: 


Area 


Average  number  of  other  Success  in 

parties  met  per  day  finding 

All     Large   Horse  campsite 

parties  parties  parties  solitude 


Perception  of: 


Numbers    Environmental   Litter 
of  parties    conditions     in 
met (wear  and  tear)  area 


Desolation 
Wilderness 

Selway-Bitterroot 
Wilderness 

Bob  Marshall 
Wilderness 

Cabinet  Mountains 
Wilderness 

Scapegoat 

Wilderness 

Mission  Mountains 
Wilderness 

Spanish  Peaks 

Primitive  Area 

Great  Bear 
Wilderness 

Jewel  Basin 
Hiking  Area 


0.17     0.25     0.26      0.33 


.21 


.26 


.31 


.20 


,08 


.08 


.11 


.45 


,14    -  .20 


,22 


18 


,11    -  .02 


17 


.39 


.56 


,26 


16 


.03 


.06 


27      N/A 


,28 


,31 


,34 


.36 


,59 


,35 


,02 


,65 


0.43 


.41 


.57 


19 


.30 


,32 


.40 


,36 


,31 


0.37 


,39 


,29 


.44 


.39 


,24 


,38 


.49 


0.18 


Ai 


.01 


.14 


,29 


.37 


.44 


.09 


.34 


^Gamma  is  a  measure  of  association  between  two  variables  measured  on  an  ordinal  (ranking)  basis. 
It  can  be  interpreted  as  the  proportion  of  variance  in  one  of  the  variables  accounted  for  by  the 
association  with  the  other  variable,  similar  to  R^ . 

^Satisfaction  was  coded  with  1  for  A,  2  for  B,  and  so  on.   Thus,  a  positive  gamma  indicates 
that  as  encounters  increase  or  opinions  become  more  unfavorable,  satisfaction  declines. 


Table  ^2 . --Number  of  other  camps  nearby   desired  by   overnight    visitors   and  success   in    finding  such 

campsites,   percent   of   total,    by   area 


Camps  desired 


Area 


Desolation  Wilderness 
Selway-Bitterroot  Wilderness 
Bob  Marshall  Wilderness 
Cabinet  Mountains  Wilderness 
Scapegoat  Wilderness 
Mission  Mountains  Wilderness 
Spanish  Peaks  Primitive  Area 
Great  Bear  Wilderness 
.Jewel  Basin  Hiking  Area 


3  or 

0 

1 

2 

more 

59 

13 

16 

12 

82 

9 

4 

5 

89 

7 

3 

1 

79 

14 

6 

1 

72 

13 

9 

6 

86 

8 

2 

4 

86 

6 

6 

2 

87 

") 

3 

8 

79 

7 

12 

2 

Success  in  finding  desired  campsite 
solitude 


Every  night 


Some  nights 


42 
78 
77 
82 
66 
65 
69 
84 


46 
17 
20 
17 
20 
23 
17 


Never 


12 

6 

3 

1 

14 

13 

14 
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PERCEIVED  CHANGES  IN  AREA  QUALITY 

Pcoiilc  who  luivc  visited  an  area  before  are  in  a  position  to  eoiiipare  env  i  r-oniiu'nt  a  1 
eonditions  and  sol  it  ude/erowd  int;  levels.   Their  jiereept  ions  of  the  dii'oction  ol'  chantH — 
deterioration  or  iinproveinent --provide  some  indieation  of  the  sevecit\'  i)f  earr\iii;',  ea])aeit\' 
problems.   About  half  of  the  visitors  to  eaeh  area  felt  eonditions  were  about  t ho  same 
as  before,  but  in  most  areas,  visitors  who  felt  eonditioirs  wore  woi'se  outnumlierod  t  Iiosl' 
who  felt  they  were  better  by  2,    S ,  or  1  to  1  (table  S3).   As  foi-  all  otiier  eapacit\' 
related  i|uestions,  the  visitors  to  the  Desolation  Wilderness  were  tlie  most  d  i  ssat  i  s  l"i  od  , 
although  the  res]")onses  from  the  Bob  Marshall  Wilderness  were  almost  as  negative. 

Table  35. --Perceived  change    in   area    quality   by    repeat    visitors,    percent   of   total,    by   .iroa 

Area  quality  now  compared  to  earlier 
Area  Better        About  same        Worse      No  opinion 

besolation  Wilderness  9  48  37  (> 

Selway-Bi tterroot  Wilderness  14  45  31  10 

Bob  Marshall  Wilderness  11  46  57  () 

Caliinct  Mountains  Wilderness  21  52  21  b 

Sea]iegoat  Wilderness  8  55  35  2 

Mission  Mountains  Wilderness  11  54  27  7 

Spanish  Peaks  Primitive  Area  10  57  29  4 

Great  Bear  Wilderness  16  55  29  2 

Jewel  Basin  Hiking  Area  20  56  20  1 


Two  areas  were  exceptions;  in  both  the  (^aliinet  Moinitains  Wilderness  and  .lewol  Basin 
Hiking  Area,  al^out  20  percent  of  tlie  repeat  visitors  felt  conditicms  were  l^etter  than 
before,  wliich  was  about  as  many  as  felt  conditions  had  deteriorated.   In  dewel  Basin, 
this  relatively  positive  response  may  be  related  to  approval  in-  iiikers  of   the  termina- 
tion of  motorcN'cle  and  liorsc  use. 

Thus,  if  experienced  visitors'  opinions  of  change  are  taken  as  a  crude  baromot(.'i- , 

a  storm  ma\'  be  gathering.   If  some  visitors  who  ]iercei\'e  conditions  as  dot  er  i  oi'at  i  ng, 

badl\'  liave  stopj^ed  visiting  the  area  and  so  are  not  in  tlie  sample,  tiie  situation  could 
be  somewhat  worse  than  table  35  indicates. 

Visitors  were  also  asked  wh\-  the)'  felt  as  the\-  did  about  clianges  in  area  cond  i  I  i  oiu'^. 
Man)'  reasons,  most  of  them  complaints,  were  given,  but  of  those  reasons,  two  were  common 
i  ever)'where:  more  crowding  and  more  \vorn  and  littered  areas.   Ibis  reinforces  the  con- 
clusion that  use  in  relation  to  capacit)'  is  a  justified  concern. 

If  tliere  is  substantial  visitor  concern  about  use  levels  and  the  el'fi.'Cts  oi'   use  on  the 
land,  how  do  peo]ilc  feel  about  possilile  wa)'s  of  dealing  with  the  problem,  eithei'  b)' 
regulatinu  use  or  adding  facilities  to  accommodate  increased  use? 
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RATIONING  AND  USE  CONTROL 

The  general  idea  of  restricting  visitor  numbers  when  an  area  is  being  used  beyond 
its  capacity  is  strongly  supported  everywhere.   In  the  Desolation  Wilderness,  90  percent 
of  the  visitors  said  restricting  use  was  desirable  (61  percent  said  "very  desirable"). 
In  the  other  study  areas,  about  75  percent  felt  it  was  desirable  and  only  10  or  12 
percent  said  it  would  be  undesirable.   Except  for  the  Desolation,  there  was  little  var- 
iation in  responses  among  areas. 

Visitors  were  asked  their  opinions  of  several  specific  types  of  use  restrictions. 
One,  worded  "issue  trip  permits  so  visitors  could  only  camp  each  night  in  the  area 
assigned  to  them,"  was  strongly  rejected.   Apparently,  it  was  viewed  as  taking  away  too 
much  freedom.   From  two-thirds  to  three- fourths  of  the  visitors  to  all  areas  viewed  such 
a  heavy-handed  system  as  undesirable. 

In  contrast,  party  size  limits  were  supported.   A  limit  of  12  persons  per  party  was 
considered  desirable  by  close  to  half  of  the  visitors  to  all  areas  except  the  Desolation 
Wilderness,  where  72  percent  favored  a  limit.   About  15  to  25  percent  of  the  visitors  to 
each  area  thought  a  limit  of  12  persons  per  party  was  undesirable,  and  25  to  35  percent 
were  neutral.   Of  course,  most  visitors  were  in  small  groups  and  probably  saw  party 
size  limits  as  restricting  others. 

"Closing  some  areas  to  horses"  was  also  well  accepted,  even  in  horse  use  areas. 
The  degree  of  closure  implied  by  the  question  is  vague,  but  the  general  concept  is 
considered  desirable  by  nearly  half  of  the  visitors  to  most  areas.   Two  areas,  both  with 
little  horse  use,  had  stronger  reactions.   In  the  Mission  Mountains  Wilderness,  65 
percent  of  the  visitors  felt  closing  some  areas  to  horses  was  desirable,  and  in  the 
Desolation  Wilderness  this  proportion  rose  to  75  percent.   Some  closures  to  horses  were 
supported  by  a  substantial  proportion  of  horseback  riders--30  percent,  21  percent,  and 
25  percent,  respectively,  of  the  riders  in  the  Great  Bear,  Bob  Marshall,  and  Selway- 
Bitterroot  Wildernesses  and  19  percent  of  the  riders  in  the  Spanish  Peaks  Primitive 
Area,  the  main  horse  use  study  areas. 

FACILITIES  AND  STRUCTURES 

Probably  the  major  user  facility  or  improvement  in  most  wildernesses  is  the  trail 
system.   Trails  are  widely  recognized  as  being  consistent  with  wilderness,  but  decisions 
about  what  types  of  trails  are  appropriate  are  more  controversial.   Visitors  favored  low 
standard  trails  (described  a^s  being  "somewhat  like  a  game  trail--narrow,  grade  varies, 
winding,  not  the  shortest  route")  more  than  high  standard  trails  ("wide,  steady  grades, 
fairly  straight")  (table  54).   Only  two  areas  had  appreciably  more  "desirable"  than 
"undesirable"  responses  on  high  standard  trails- -the  Jewel  Basin  Hiking  Area,  not  a 
designated  wilderness,  and  the  Bob  Marshall  Wilderness  with  predominantly  horse  use. 
(Horse  users  in  each  area,  favored  high  standard  trails  more  than  hikers,  but  not  by 
large  margins.)   In  several  areas,  especially  the  Desolation  Wilderness,  high  standard 
trails  were  considered  undesirable  by  far  more  visitors  than  thought  they  were  desirable. 

In  contrast,  low  standard  trails  were  considered  desirable  by  a  majority  of 
visitors  everywhere,  and  "desirable"  judgments  outnumbered  "undesirable"  by  from  almost 
4  to  1  to  16  to  1. 

The  largest  group  of  visitors  (over  one-third)  oppose  high  standard  trails  and 
favor  low  standard.   About  one-tenth  favor  low  standard  trails  and  are  neutral  on  high 
standard  trails.   Another  tenth  favor  high  standard  trails  and  oppose  low  standard, 
while  still  another  tenth  favor  high  standard  trails  and  are  neutral  on  low  standard 
trails.   About  15  percent  favor  both  high  and  low  standard  trails,  and  only  2  percent 
find  both  types  of  trails  undesirable. 
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TalUe    3A. --Visitor  opinions   of  high   and   low  standard    trails,    porct^nt   of    total,    bn   aroa 

High  standard Low  standard 

Area UesLrablo   Neutral   Undesirable   DcsiralUc   Neutral   Uinles  i  rable 

Desolat  ion 

Wilderness  14        22        b4  79         15  S 

Se 1 wa  y- B  i  1 1  erroot 

Wilderness  28        27        45         58         27         15 

Bob  Marshall 

Wilderness  49        21        50  62         21         17 

Cabinet  Mountains 

Wilderness  58        25        56  50         51         19 

Scai^egoat 

Wilderness  58        25        58  (i2         25         15 

Mission  Mountains 

Wilderness  55        21        45  ()4         22         14 

Spanish  Peaks 

Primitive  Area        29        22        49  69         19         12 

Great  Bear 

Wilderness  54        28        58  72         20  S 

Jewel  Basin 

Hiking  Area  41        26        55  56         28         16 


About  70  percent  of  the  visitors  to  each  area  ("80  ]iercent  in  the  Desolation)  feel 
it  would  be  desirable  to  leave  some  areas  without  trails. 

Trees  blown  down  across  the  trail  [defined  as  "maybe  1  or  2  a  mile")  were  not  a 
concern  to  most  visitors--40  to  50  percent  said  they  were  neutral,  and  "desirable"/ 
"undesirable"  responses  were  fairly  even.   The  Bob  Marsliall  Wilderness  was  an  excep- 
tion--only  50  percent  of  visitors  were  neutral  and  "undesirable"  resjionses  exceeded 
"desirable"  by  42  to  28.   As  expected,  horse  users  generally  reacted  more  negativcl}'  to 
down  trees  across  trails  than  did  hikers. 

j       Bridges  across  large  streams  that  are  dangerous  to  cross  are  overwlieliiiLngl}'  con- 
1  sidered  desirable.   Seventy  to  80  jiercent  of  the  visitors  to  each  area  except  the  (ireat 
]  Bear,  where  the  figure  was  55  percent,  favored  bridges  across  such  rivers. 

Bridges  across  small  streams  where  a  hiker  would  not  be  in  danger,  but  could  get  wet 
feet  wading,  received  mixed  responses.   In  most  areas,  about  40  percent  saw  such  bridges 
I  as  desirable  and  about  55  jiercent  saw  them  as  undesirable.   Twenty-five  pci'cent  were 
I  neutral.   Visitor  responses  in  the  Desolation  and  Great  Bear  Wildernesses  were  more 
negative;  half  or  more  of  the  visitors  thouglit  bridges  on  small  streams  were  undesirable; 
onlv  about  one- fourth  favored  them. 
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Outhouses  (pit  toilets)  drew  a  mixed  response.   About  30  to  40  percent  of  visitors 
consider  them  to  be  desirable  and  30  to  45  percent  consider  them  undesirable  in  all 
areas  except  the  Desolation.   In  the  Desolation  Wilderness  66  percent  of  the  visitors 
said  "undesirable"  against  only  17  percent  who  said  "desirable."  Everywhere,  those  who 
were  against  outhouses  felt  more  strongly  than  those  who  favored  them,  usually  labeling 
them  "very  undesirable,"  in  contrast  to  supporters,  who  generally  said  "desirable." 

For  both  outhouses  and  bridges  across  small  streams,  the  visitors  were  not 
generally  opposed  to  a  "purist"  policy;  still  the  spread  of  opinions  points  to  a 
need  for  explanation  if  such  a  policy  is  adopted. 

Fireplaces  with  cemented  rocks  and  metal  grates  were  considered  undesirable  by  from 
36  percent  of  the  visitors  in  the  Cabinet  Mountains  Wilderness  to  77  percent  in  the 
Desolation  Wilderness,  a  highly  variable  picture.   Even  in  the  Cabinet  Mountains,  only  56 
percent  of  the  visitors  considered  such  fireplaces  desirable.    In  contrast,  the  loose 
rock  fire  ring  was  well  accepted  everywhere  (desirable  ratings  were  about  double  the 
undesirable)  except  in  the  Bob  Marshall  Wilderness,  where  opinions  of  desirability  and 
undesirability  were  about  evenly  matched.   This  acceptance  may  raise  some  questions 
about  the  practice  in  some  areas  of  removing  all  fire  rings. 

Rustic,  split-log,  picnic  tables  were  not  wanted  by  many  visitors.   Only  8  percent 
of  the  visitors  to  the  Desolation  Wilderness  considered  them  desirable.   In  most  other 
areas,  less  than  25  percent  of  the  visitors  favored  them.   Only  in  the  Great  Bear,  where 
many  visitors  camped  near  the  airstrip  in  a  campground  with  tables,  was  there  much 
support  (59  percent)  for  picnic  tables. 


Questions  about  pole  horse  corrals  near  camps  resulted  in  very  mixed  responses. 
Many  places,  opinion  split  into  three  similar-sized  groups  for,  against,  and  neutral. 
As  one  would  expect,  horseback  travelers  were  most  favorable  to  corrals,  supporting  them 
by  more  than  2  to  1.   This  majority  is  not  as  overwhelming  as  might  have  been  expected, 
however. 

REGULATIONS 

Requiring  all  visitors  to  register  is  strongly  supported.   Only  8  to  15  percent  of 
the  visitors  to  each  area  consider  this  requirement  to  be  undesirable. 

"Prohibiting  wood  fires  where  firewood  is  scarce  (requiring  the  use  of  gas  stoves)" 
was  more  controversial.   Only  in  the  Desolation  Wilderness  did  more  visitors  favor  than 
oppose  such  a  regulation.   In  the  Desolation  66  percent  of  the  visitors  felt  the 
requirement  would  be  "desirable,"  and  20  percent  felt  it  would  be  "undesirable."   In 
more  lightly  used  and  more  forested  areas  in  Montana  and  Idaho,  visitors  were  predomi- 
nantly against  the  idea.   Campers,  especially,  who  would  be  the  primary  type  of  visitor 
affected  by  a  no  fire  regulation,  opposed  it  by  nearly  two  to  one.   If  such  a  regulation 
appears  to  be  necessary  in  some  places,  it  would  seem  to  be  essential  to  carefully 
explain  the  requirement.   The  campfire  probably  plays  an  important  symbolic  role  in 
camps,  and  its  absence  would  take  getting  used  to  for  most  visitors. 

The  possibility  of  requiring  horse  users  to  carry  all  feed  and  ]-)rohibiting  grazing 

was  strongly  opposed  by  those  who  would  be  directly  affected.  Visitors  using  horses 

opposed  such  a  rule  by  about  3  to  1.   Supplemental  feeding  and  limited  grazing  might  be 
more  acceptable. 
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Fishing  and  having  a  fish  meal  is  probably  a  reasonable  part  of  a  wilderness  expcr- 
icnee,  but  [lerhaiis  it  is  not  appropriate  to  catch  large  numbers  of  I'isli  in  wilderness  to 
haul  back  out  to  the  home  freezer.  A  regulation  to  "allow  visitors  to  catch  fish  lo  eat 
in  the  wilderness  but  not  to  bring  back  out"  received  only  slightly  moi-e  support  than 
opposition  overall,  and  it  was  rejected  clearly  in  some  areas,  especial  1}-  the  areas  with 
a  large  amount  of  fishing  activity,  sucli  as  the  Mission  Mountains.  Tlie  Itcsolation  was 
an  exception  again;  there  sucli  a  regulation  was  favored  by  b   to  1. 

MANAGEMENT  POLICIES 

IVilderness  rangers  patrolling  the  back-country  are  very  well  accepted.   Onl}'  4  to  IS 
percent  of  the  visitors  to  the  various  study  areas  believe  wilderness  rangers  are  unde- 
sirable. 

It  has  been  pointed  out  (ilendce  and  Harris  1970)  tliat  wilderness  visitors  often 
accept  administrative  use  of  chain  saws  to  build  and  clear  trails  better  than  managers 
expect.  In  all  of  the  Montana  and  Idaho  areas,  visitor  acceptance  of  such  metliods  was 
about  2  to  1  and  in  the  nonwi  Iderness  study  areas  about  5  to  1.   This  was  not  true  in  (Cali- 
fornia, where  two  of  every  three  visitors  were  against  administrative  chain  saw  use. 
Administrative  restraint  in  chain  saw  use  in  wilderness  is  appropriate,  but,  restraint 
should  be  based  mainl)'  on  wilderness  philosoph)'  and  law,  not  visitor  opposition. 

A  wilderness  is  intended  to  be  a  natural  ecosystem,  interfered  with  by  man  as 
little  as  possible.   Stocking  fisli,  especially  in  naturall)-  barren  wilderness  waters, 
seems  to  be  contradictory;  however,  many  people  do  not  object  to  this  practice  and 
agency  policies  permit  it  under  certain  conditions.   Visitors  to  all  study  areas  were 
opposed  to  a  natural  fishery  policy  by  about  5  to  1.   Most  visitors  apparentl)'  view 
wilderness  as  more  of  a  recreation  area  than  a  natural  ecosystem.   This  suggests  both  an 
educational  challenge  if  ecosystem  integrity  is  to  be  a  dominant  objective  and  a  jiossible 
need  for  more  intensive  management  of  fisheries  in  roadless  lands  outside  of  wilderness. 

Natural  fire  jiolicies  that  permit  fire  to  more  nearly  play  its  natural  ecological 
role  have  become  much  more  common  since  the  early  1970' s  when  these  surve>'s  were  con- 
ducted.  Even  then,  visitors  were  not  as  strongly  opposed  to  such  policies  as  might  have 
been  thought.   About  15  to  50  percent  of  the  visitors  favored  a  natural  fire  iiolicv', 
about  one-third  were  neutral  or  undecided,  and  the  remaining  40  to  bi)   percent  theiught 
such  a  jiolicy  undesirable.   Education  and  exposure  to  the  concept  have  continued 
since  these  responses  w^cre  obtained,  and  I  believe  attitudes  have  probabl\-  become  more 
favorable  to  natural  fire  policies. 

SOURCES  OF  INFORMATION 

i      Information  can  be  a  powerful  influence  on  use  patterns,  on  visitor  behavior,  and 
on  the  quality  of  visitors'  experiences.   Managers  can  use  information  as  an  important 
management  tool.   To  do  this,  they  need  to  know  what  information  soui'ces  visitors  are 
using  and  what  their  attitudes  are  about  various  means  of  providing  information. 

'  The  appeal  of  maps  and  guidebooks  is  striking.  In  response  to  two  questions  about 
the  desirabi  1  it}'  or  undes  irabi  lity  of  detailed  maps  and  of  a  guidebook,  almost  evei'\'one 
thought  good  maps  were  desirable  and  guidebooks  were  not  far  l)eliind. 

On-site  information  in  the  form  of  signs  exiUaining  natui'al  1"eatures  or   historical 
events  might  seem  to  be  inapiiropriate  in  wilderness,  Ixit  a  jirepondei-ance  oi'   visitors  to 
all  areas  exce]-)t  the  Desolation  Wilderness  felt  that  sucli  signs  were  desirable.   Still, 
from  15  to  55  percent  (44  percent  in  the  Desolation  Wilderness)  found  i  nterpret  i  \-e  signs 
undesirable. 
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ACCEPTABLE  VISITOR  BEHAVIOR 

For  a  number  of  years,  wilderness  managing  agencies  have  promoted  the  "pack-it -in, 
pack- it-out"  concept  for  liandling  unburnable  garbage.   The  approach  replaced  the  older 
recommended  practice  of  burying  garbage.   How  well  has  the  message  reached  visitors? 
Not  very  well,  at  least  in  the  early  1970' s.   In  the  Desolation  Wilderness  Area,  77 
percent  of  the  visitors  and  81  percent  of  the  campers  said  burying  garbage  was  undesir- 
able, but  in  all  of  the  other  areas,  except  the  Sclway-Bitterroot  Wilderness  where  a 
different  question  was  asked,  50  to  67  percent  of  the  visitors  said  burying  garbage  was 
desirable.   Unlike  answers  to  many  other  such  policy  questions,  there  were  few  neutral 
or  "no  opinion"  answers.   People  thought  they  knew  and  answered  very  positively.   Appar- 
ently, people  want  to  do  what  is  right,  but  many  are  misinformed. 

A  similar  problem  may  exist  for  a  number  of  outmoded  but  once  accepted  practices, 
such  as  building  bough  beds,  blazing  trees,  ditching  tents,  and  so  on.   The  education 
cliallenge  is  large. 

Finally,  in  a  few  areas  where  trail  motorcycles  were  permitted,  visitors  were 
asked  about  their  desirability.   No  question  produced  such  a  one-sided  response.   From 
66  to  90  percent  of  the  visitors  felt  trail  bikes  were  "very  undesirable."  Almost  the 
only  dissenters  were  the  motorbike  riders  themselves.   The  opposition  to  trail  bikes 
poses  a  difficult  issue  for  "back  country,"  roadless  lands  managed  for  dispersed  recrea- 
tion.  A  place  must  be  provided  for  mechanized  recreationists ,  but  if  other  visitors  to 
such  places  react  as  negatively  to  trail  bikes  as  the  visitors  we  surveyed,  mechanized 
use  may  have  to  be  considered  almost  an  exclusive  use. 

SUMMARY 

Overall,  there  are  many  similarities  as  well  as  some  sharp  differences  among  the 
nine  areas  studied.   The  major  differences  against  a  background  of  broad  similarities 
seem  to  be  related  to  location.   Areas  in  the  Rockies  were  different  than  the  study 
area  in  the  California  Sierras.   Differences  also  were  related  to  area  size;  to  type 
of  access,  particularly  the  presence  of  a  good  public  airfield  in  the  heart  of  the 
Great  Bear  Wilderness;  to  variations  in  opportunities  for  different  activities  (espe- 
cially hunting);  and  to  varying  intensity  of  use. 

The  nonwilderness  areas  (only  the  Jewel  Basin  Hiking  Area  now,  but  also  the  Scapegoat 
and  Great  Bear  at  the  time  of  the  study)  do  not  differ  greatly  from  the  Wilderness, 
although  the  Jewel  Basin  Hiking  Area  has  a  uniquely  high  proportion  of  1-day  visits. 

The  strongest  similarities  apply  to  the  appeals  of  wilderness  and  the  importance 
attached  to  wilderness.   Even  here,  uniformity  is  lacking.   Wilderness  attributes  and 
scenic  beauty  are  universal  appeals,  but  the  importance  of  hunting  and  fishing  as  appeals 
varies  greatly  among  areas.   The  desire  to  "escape  civilization"  is  strong  as  a  wilder- 
ness appeal  in  California,  but  weak  elsewhere. 

Use  patterns  are  broadly  similar,  but  varying  combinations  of  the  different  char- 
acteristics of  use  are  found.   In  general,  most  visits  are  short  in  time  and  distance 
covered,  but  some  larger  areas,  such  as  the  Bob  Marshall  and  Great  Bear  Wildernesses, 
have  many  trips  that  last  a  week  or  10  days. 


Party  sizes  are  generall}'  small  with  only  minor  variations  in  some  areas. 

Hiking  is  the  predominant  method  of  travel  almost  everywhere,  but  horseback 
riders  are  in  the  majority  in  the  Bob  Marshall  Wilderness. 
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Mu  It  iact  i  V  i  t>'  trips  are  the  rule,  Init  tliree  j^eiieral  aetivit\'  patteiais  cha  rac  t  i-'r  i  .:e 
the  nine  study  areas:  areas  with  liigh  part  le  i  pat  ion  in  hikinu,  suimniin'.',,  aiul  nature 
stud)',  but  little  huntino  (the  Desolation  and  Mission  Mountains);  areas  uith  hii'.h 
hunting  and  horse  use  (the  Boli  Mai'shail  and  (Ireat  hear);  and  an  i  nt  eriiietl  i  a  t  (.■  'lattLa-n 
(t  he  ot  her  S  areas  )  . 

Summer  is  tlie  main  use  season  everywhere,  but  the  ratio  ot"  suimner  to  fall  ns(.> 
varies  widel)'. 

Uneven,  highl\'  concentrated  use  is  found  ever\'where.   A  small  part  ot'  evL-rs-  area 
receives  most  of  the  area's  recreational  use.   Variation  in  tliis  t'eature  of  use  |iatti.'iais 
is  not  nreat.   Also,  most  visitors  stick  to  trails  everywhere,  altliou^li  this  is  iiuieli 
more  true  in  the  Rockies  than  Sierras.   Hver)'whcrc  expenses  are  low. 

Althougli  there  is  some  variation,  most  visitors  are  from  tlie  section  oi'   the  State 
around  the  area  visited.   Most  are  from  urban  areas,  luit  often  have  had  a  rural  u|ihrini',- 
ing. 

Most  visitors  are  in  family  groups,  but  a  few  areas  have  groups  of  nonfainLl)-  friends 
in  the  majority.  Males  outnumber  females  by  about  .S  to  1.  Young  adults  are  most  common, 
but  both  children  and  older  adults  visit  wilderness  in  substantial  numbers. 

Educational  levels  are  high  everywhere.   This  is  the  most  distinguishing  character- 
istic of  wilderness  visitors  everywhere,  although  tlie  educational  attainments  of  visitors 
is  more  conspicuous  in  some  areas  than  in  others  (for  example,  educational  levels  in  the 
Desolation  Wilderness  are  very  liigh  and  in  the  Cabinet  Mountains  are  relatively  low, 
although  still  well  above  national  averages). 

Persons  in  professional  and  technical  occupations  and  students  are  most  coimnon  in 
most  places,  but  the  pattern  is  complex  and  variable. 

Incomes  are  near  average,  but  visitors  to  a  few  areas  have  incomes  well  aliove  the 
national  average. 

Most  visitors  are  experienced  wilderness  users  and  almost  half  liave  been  to  the 
study  area  before.   Typically,  these  people  make  three  or  four  visits  (totalling  ()  to 
10  da>'s)  to  wildernesses  in  a  year.   Most  are  not  members  of  conservation,  environ- 
mental, or  outdoor  recreation  clubs. 

Overall,  visitors  are  C|uite  well-satisfied  with  their  visits.   Satisfaction  declines 
as  crowding  increases  and  isolated  camp  sites  become  harder  to  find,  but  the  assi)C  i  at  iiMi 
of  satisfaction  with  total  numbers  of  encounters  with  other  parties  is  weak  most  places. 

I      About  half  of  the  visitors  who  have  visited  the  area  before  feel  conditions  are 

1  about  the  same  as  they  were  earlier.   Most  of  the  others  feel  conditions  are  detei~iorat- 

i  ing,  but  visitors'  opinions  vary  with  area. 

!      The  general  idea  of  use  control  is  well  accepted  Iw  visitors,  but  rigiil,  pre- 
planned itineraries  are  unacceptable  to  them.   On  tlie  other  hand,  party  size  limits  and 
some  no-horse  areas  are  generally  endorsed,  although  visitor  opinions  var\-  with  area. 

Low  standard  trails,  bridges  over  large,  dangerous  streams,  fire  rings,  and  fish 
'  stocking  in  wilderness  are  considered  appropriate  by  most  visitors,  but  other  facilities 
and  developments  have  only  limited  support.   Again,  areas  show  differing  responses. 
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The  concept  of  relativity  (attitudes  and  satisfactions  adjust  as  use  of  an  area 
intensifies)  receives  some  partial  support.   The  Desolation  Wilderness  provides  a  chance 
to  test  the  hypothesis  in  a  general  way.   It  is  clear  some  adjustment  has  occurred 
there.   Perhaps,  in  part,  more  demanding  visitors  have  been  replaced  by  those  more 
tolerant  of  heavy  use.   However,  the  adjustments  have  been  rather  small  compared  to  the 
extreme  differences  in  use.   Norms  for  acceptable  or  desirable  solitude/encounter  levels 
are  only  moderately  higher  in  the  Desolation  than  in  the  Northern  Rockies,  and  complaints 
about  crowding  and  perceived  area  deterioration  are  much  higher  than  in  the  other  areas. 
On  the  other  hand,  overall  satisfaction  is  almost  as  high  as  elsewhere.   Still,  the 
unusually  strong  support  for  restrictions  on  use  supports  the  notion  that  encounter 
levels  really  do  bother  visitors  in  a  significant  way.   Numbers  of  encounters  are  impor- 
tant but  the  t^rpe   and  location  of  the  encounters  are  critical. 

The  overall  measure  of  satisfaction  may  be  too  crude  to  accurately  reflect  visitors' 
feelings.   Clearly,  the  issue  of  social  carrying  capacity  is  complex  and  some  reexami- 
nation of  existing  conceptual  frameworks  seems  to  be  in  order. 

MANAGEMENT  IMPLICATIONS 

Many  specific  management  implications  relative  to  survey  results  have  been  pointed 
out.   Several  more  general  management  implications  are  suggested  by  broader  response 
patterns. 

First,  the  wilderness  system  seems  to  be  just  that.   Although  there  are  differencesj 
the  wildernesses  studied  here  seem  to  be  providing  similar  types  of  visitor  experiences. 
There  is  little  justification  for  substantially  different  overall  management  objectives 
for  individual  areas.   Encounter  goals,  however,  based  on  differences  in  visitor  prefer- 
ences, probably  should  vary  somewhat  between  areas  such  as  the  Desolation  and  the  Bob 
Marshall  Wildernesses.   It  is  possible,  of  course,  that  visitors  with  less  tolerance  for 
crowding  have  abandoned  the  Desolation  Wilderness  and  other  such  areas  because  of  heavy 
use  and  so  are  not  represented  in  surveys  of  current  users. 

On  the  other  hand,  specific  management  policies  designed  to  achieve  objectives 
should  be  tailored  to  specific  areas.   Standardized  plans  for  different  areas  would  be 
inappropriate.   The  Northern  Rocky  Mountain  areas  show  similar  responses  to  possible 
management  practices  but  the  California  study  area  responses  differ  substantially. 
Visitors  to  California  areas  reject  facilities  and  accept  regulations  more  than  do 
visitors  to  the  Montana  and  Idaho  areas. 

Capacity  problems  seem  to  be  of  some  concern  in  all  of  the  areas.   Responses  from 
visitors  to  the  Desolation  Wilderness  show  that  heavy  use  does  produce  dissatisfaction 
and  complaints.   Continued  growth  of  recreational  use  can  be  expected  to  intensify 
problems.   The  uneven  use  distributions  suggest  that  overused  trouble  spots  exist  in  all 
the  areas. 

There  are  a  few  indications  of  opportunities  to  increase  area  capacities.   The  char- 
acteristic of  uneven  use  in  all  areas  indicates  that  redistribution  of  some  recreational 
use  could  result  in  areas  accommodating  more  use;  however,  there  is  not  much  support  for 
management  to  increase  capacity  by  building  facilities  or  hardening  sites  to  accommodate 
more  use.   One  exception  might  be  trails.   Most  visitors  stick  to  the  trails,  making  the 
trail  system  a  powerful  management  tool.   Visitors  also  accept  low  standard,  simple 
trails,  but  they  also  want  some  areas  to  be  left  without  trails.   There  probably  are 
opportunities  in  many  areas  for  some  expansion  of  the  trail  system  and,  consequently, 
of  capacity. 
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Modification  of  use  to  fit  capacity,  rather  than  expansion  of  capacity,  is  the 
main  approach  suggested  by  uneven  use  patterns,  and  by  attitudes  valuing  solitude,  largely 
rejecting  facilities,  and  substantially  accepting  regulations.   Visitors  seem  to  want 
information,  which  suggests  an  important  management  technique  for  modifying  use. 
Modifying  use  while  preserving  as  much  freedom  of  movement  as  possible  seems  to  be 
essential  because  of  visitor  attitudes  rejecting  rigid  itineraries. 

Visitors  everywhere,  but  especially  in  the  California  study  area,  want  wilderness 
to  be  only  minimally  developed.  Visitors  are  not  clamoring  for  higher  standard  trails 
or  for  more  developed  campsites.  Policies  that  do  not  provide  for  comfort  and  conven- 
ience facilities  seem  to  be  reasonably  consistent  with  visitor  preferences. 

Finally,  throughout  all  tlie  motivation  and  preference  responses  and  data  on  activi- 
ties there  is  a  pattern  pointing  to  a  need  for  dispersed  recreation  management  outside 
of  wilderness.   Here  the  goal  would  emphasize  recreation,  not  perpetuation  of  natural 
unmodified  ecosystems.   Many  visitors  are  strongly  oriented  toward  fishing,  wliich  exceeded 
wilderness  attributes  as  an  appeal  in  several  areas,  and,  in  most  all  areas,  over  half 
of  the  visitors  fished.   The  situation  for  hunting  was  similar.   Both  fishing  and  hunt- 
ing could  be  provided  better  under  more  intensive  management  [such  as  intensive  stocking 
and  habitat  improvement]  than  is  appropriate  in  wilderness. 

Scenery  is  a  major  appeal,  but  wilderness  does  not  have  a  corner  on  scenery. 
Solitude  is  not  a  major  value  for  many  visitors,  especially  for  the  numerous  day  users. 
Although  they  are  in  the  minority,  many  people  want  more  development  than  most  wilder- 
ness visitors.   Administrative  use  of  mechanical  tools,  which  is  fairly  well  accepted 
even  in  wilderness,  could  be  general  practice  in  roadless  recreation  areas.   A  more 
diverse  set  of  roadless  recreation  settings,  with  distinctions  clearly  explained  and 
publicized,  could  help  more  people  find  experience  opportunities  closer  to  their  pref- 
erences, thus  better  serving  the  American  people. 


75 


PUBLICATIONS  CITED 

Bratton,  Susan  Power,  Matthew  G.  Hickler,  and  James  H.  Graves. 

1977.   Trail  and  campsite  erosion  survey  for  Great  Smoky  Mountains  National  Park. 
Part  II:  patterns  of  overnight  backcountry  use  and  conditions  of  campsites. 
Uplands  Field  Res.  Lab.,  Great  Smoky  Mt .  Natl.  Park,  Gatlinburg,  Tenn . ,  Manage. 
Rep.  No.  16,  126  p.,  processed. 
Bultena,  Gordon  L. ,  and  Marvin  J.  Taves. 

1961.   Changing  wilderness  images  and  forestry  policy.   J.  For.  59  (3) : 167-171 . 
Burch,  William  R.,  Jr.,  and  Wiley  D.  Wenger,  Jr. 

1967.  The  social  characteristics  of  participants  in  three  styles  of  family  camping. 
USDA  For.  Serv.  Res.  Pap.  PNW-48,  29  p.  Pac.  Northwest  For.  and  Range  Exp.  Stn., 
Portland,  Oreg. 

Bureau  of  Outdoor  Recreation. 

1972.   The  1970  survey  of  outdoor  recreation  activities:  preliminary  report.   105  p. 
U.S.  Gov.  Print.  Off.,  Washington,  D.C. 
Pxhelberger,  Herbert  E.,  and  George  H.  Moeller. 

1977.   Use  and  users  of  the  Cranberry  Backcountry  in  West  Virginia:  insights  for 
eastern  backcountry  management.  -8  p.   Northeast  For.  Exp.  Stn.,  Upper  Darby,  Pa. 
Eisner,  Gary  H. 

1972.  Wilderness  management  ...  a  computerized  system  for  summarizing  permit  infor- 
mation. USDA  For.  Serv.  Gen.  Tech.  Rep.  PSW-2,  8  p.  Pac.  Southwest  For.  and  Range 
Exp.  Stn.,  Berkeley,  Calif. 

Ileberlein,  Thomas  A. 

1977.  Density,  crowding  and  satisfaction:  sociological  studies  for  determining 
carrying  capacities.  In   Proc:  River  Recreation  Manage,  and  Res.  Svmp .   p.  67-76. 
USDA  For.  Serv.  Gen.  Tech.  Rep.  NC-28,  455  p.   North  Cent.  For.  Exp.  Stn.,  St. 
Paul,  Minn. 

Hendee,  John  C,  William  R.  Catton,  Jr.,  Larry  D.  Marlow,  and  Frank  C.  Brockman. 

1968.  Wilderness  users  in  the  Pacific  Northwest,  their  characteristics,  values  and 
management  preferences.  USDA  For.  Serv.  Res.  Pap.  PNW-61 ,  92  p.  Pac.  Northwest 
For.  and  Range  Exp.  Stn.,  Portland,  Oreg. 

Hendee,  John  C,  and  Robert  W.  Harris. 

1970.  Foresters'  perception  of  wilderness-user  attitudes  and  preferences.  J.  For. 
68(12) :759-762. 

Jubenville,  Alan. 

1971.  A  test  of  differences  between  wilderness  recreation  party  leaders  and  party 
members.   J.  Leisure  Res.  3(2) : 116-119. 

Kish,  Leslie. 

1967.   Survey  sampling.   643  p.   John  Wiley  and  Sons,  New  York. 
Leonard,  R.  E.,  H.  E.  Echelberger,  and  M.  Schnitzer. 

1978.  Use  characteristics  of  the  Great  Gulf  Wilderness.  USDA  For.  Serv.  Res.  Pap. 
NE-428,  9  p.   Northeast  For.  Exp.  Stn.,  Broomall,  Pa. 

Lime,  David  W. 

1977.   When  the  wilderness  gets  crowded  .  .  .?  Naturalist  28(4)  :l-7. 
Lucas,  Robert  C. 

1964.   The  recreational  use  of  the  Quetico-Superior  area.   USDA  For.  Serv.  Res.  Pap. 
LS-8,  50  p.   Lake  States  For.  Exp.  Stn.,  St.  Paul,  Minn. 
Lucas,  Robert  C. 

1973.  Wilderness:  a  management  framework.   J.  Soil  and  Water  Conserv.  28  (4) :  150-154. 
Lucas,  Robert  C. 

1974.  Forest  Service  wilderness  researcli  in  the  Rockies:  what  we've  learned  so  far. 
West.  Wildlands  1(2) :5-12. 

Lucas,  Robert  C. 

1975.  Low  compliance  rates  at  unmanned  trail  registers.  USDA  For.  Serv.  Res.  Note 
INT-200,  6  p.   Intermt.  For.  and  Range  Exp.  Stn.,  Ogden,  Utah. 

Lucas,  Robert  C,  and  Jerry  L.  Oltman. 

1971.   Survey  sampling  wilderness  visitors.   J.  Leisure  Res.  3(l):28-43. 

76 


Lucas,  Robert  C,  Hans  T.  Schreuder,  and  (leorj^e  A.  .Tames. 

li)71.   Wilderness  use  estimation:  a  pilot  test  of  samplinj;  procc-dufes  on   the  Mission 
Mountains  Primitive  Area.   1JS|)A  i"or.  Serv.  Res.  Pa]).  l.\T-10l),  11  ]i .   Intennl.  I-or. 
and  Range  P.xp.  Stn.,  Ogden,  Utah. 
Marcin,  Thomas  C,  and  HavLd  W.  Lime. 

197().   Our  aging  population  structure:  what  will  it  mean  for  future  outiloor  i-ecrca- 
tion  use?  In    Proceedings  of  the  national  s\'mposium  on  the  economics  of  outdooi- 
recreation.   ji.  42-55.   [New  Orleans,  Nov.  11-15,  l!.)71.|  l(i5  p. 
Murray,  Judith  Buckley. 

1974.  Appalachian  trail  users  in  tlie  southern  national  forests:  their  char.icter  i  st  i  cs , 
attitudes,  and  management  preferences.   IISDA  i'or.  Serv.  Res.  Pap.  Sf-lld,  19  ]■> . 
Southeast  For,  Hxp,  Stn.,  Asheville,  N.C^. 

Nielsen,  Joyce  McCarl,  and  Bo  Shelby. 

1977.  River-running  in  tlie  (]rand  Canyon:  how  mucli  and  what  kind  oi^  use'!'  In  Proc .  : 
River  Recreation  Manage,  and  Res.  Symp.  p.  160-177.  USHA  POr.  Serv.  Gen.  Tech. 
Rep.  NC-28,  455  p.   North  Cent.  For.  Wxp .    Stn.,  St.  l^aul,  Minn. 

ORRRC  (Outdoor  Recreation  Resources  Review  Commission). 

1962a.   Participation  in  outdoor  recreation:  factors  affecting  demand  among  American 
adults.   Study  Report  20,  100  p.   Washington,  D.C. 
ORRRC  (Outdoor  Recreation  Resources  Review  Commission!. 

1962b.   Wilderness  recreation  -  a  report  on  resources,  values  and  problems.   Stud\- 
Report  5,  562  p.   Washington,  D.C. 
Ream,  Catherine  H. 

19iS0.   Human-wildlife  conflicts  in  hackcountry:  possihU^  solutions.  Tn    Pfoc., 

Conference  on  recreational  impacts  on  wildlaiuls.   p.  155-lb5.   llSDA  l'(U'.  Scr\'.. 
I'a c  .  No  r t  li w  est  Reg.,  Portland,  0 re  g . 
Shechter,  Mordechai,  and  Robert  C.  Lucas. 

1978.  Simulation  of  recreational  use  for  park  and  wilderness  management.   294  p. 
Jolms  Hopkins  Univ.  Press  for  Resources  for  the  Future,  Baltimore,  Md . 

Stanke\-,  George  II. 

1970.  Aji  appeal  for  uniform  income  categories  in  outdoor  recreation  studies.   J. 
Leisure  Res.  2(1) :88. 

Stankey,  George  II. 

1971.  Myths  in  wilderness  decisionmaking.   J.  Soil  anil  Water  Conserv.  26 (5 ) : 185- 1 88 . 
Stankey,  George  H. 

1975.  Visitor  perception  of  wilderness  recreation  carrying  capacit)'.   USDA  For.  Serv. 
Res.  Pap.  INT-142,  61  p.   Intermt.  For.  and  Range  Exp.  Stn.,  Ogden,  Utah. 

Towler,  William.  L. 

1977.  Hiker  ]:)erception  of  wilderness:  a  study  of  the  social  carrying  capacit}'  of 
Grand  Canyon.   Ariz.  Rev.  26(8-9) : 1-10. 

United  States  Department  of  Commerce,  Bureau  of  the  Census. 

1960.   1960  census  of  population:  classified  index  of  occupations  and  industries. 
Washington,  D.C. 
Weaver,  T. ,  and  D.  Dale. 

1978.  Trampling  effects  of  hikers,  motorcycles  and  horses  in  meadows  and  forests. 
J.  Appl.  Ecol.  15:451-457. 


77 


I 


APPENDIX 


THE  QUESTIONNAIRE  USED  IN  THE  NINE  STUDY  AREAS 


(This  example  is  the  summer  form  used  in  the  Mission  Mount. i  ins 
Primitive  Area,  which  is  now  a  Wilderness.) 
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Form   la 


0MB  No.    4O-S-7OO57 
Expires:      March   31,    1973 
Questionnaire   No.    I  I  I  I  I  I 


FOREST  SERVICE  WILDERNESS  STUDY 

All  of  the  following!;  questions  refer  to  the  visit  you  made  to 

about 

,  l'?"70. 

1 

IMPORTANT  I      The    term    "wilderness"    in    this   questionnaire   means   the   roadless,    un- 
developed country   reached   only   by  trails   or  waterways.      These   questions   refer 
only    to   the    wilderness   portion    of   your  trip,    not   to    places   along   the   roads. 


1.  How  many   people   were    in   your   party   in   the   roadless   wilderness   on  this   trip, 
including  yourself?   How  many  were  under   16?   

Were   these    people    (skip  if   you   were   alone): 

1/  A  family   or  families 

if  A  family   plus  friends 

/  /   Friends   and  acquaintances 

/   /    From   an    organization    (Scouts,    Club,    etc.) 

if  Other    (describe , 

2.  How  did   you    travel    in  the    wilderness    (the   roadless   country)    on   this   visit? 
(check   all   that  apply,    but    if   more   than   one,    underline   the  way  you    traveled 
most) 

fl    Hiked,    carrying  our  equipment    ourselves 

ff   Hiked,    leading   horses,    mules,    or  burros 

/  /  Horseback 

How  many  horses,  mules,  or  burros  did  your  party  take?  


Were  these  animals  turned  out  to  graze?   /  /  No     /  /  Yes 
Was  supplemental  feed  packed  in?  f_j    No     /  /  Yes 

If  yes:   What  kind  of  feed?  [J   Hay  ffZJ   Grain  f^   Pellets 

/  /  Boat,  canoe,  raft,  etc.,  with  motor 

fl   B^'at,  canoe,  raft,  etc.,  no  motor 

/  /  ' Jther  (describe 
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3.      Which   c>l    the   f cilleiwin;];   things  did   you    do    in    ttie   wiidtTnesE    vtne  i-.  .-idL'St 
ct'untry)    on    thiis  visit';'      (check   only   th':>se    things    t.hat.   you   ].)erG(-'ti.i. lly   did) 

iJ  I'ish 

[J   Hunt 

[J  Hike 

/  /    Take    pictures 

/  /  Nature    study    (bird    watching,     identifying  wildf lowers,    rt-ck   study, 
etc.  ) 

/ _  7  M'juntain    climb    (using  ropes,    special   equipment,    etc.,    net    just 
hiking  up) 

l~J  Swim 

/  /  Other  (describe  ) 

h.      Which  of  the  following  wildlife  did  you  see  in  the  wilderness  (away  from 
the  roads)?   (check  all  that  you  saw) 

l~J   Grizzly  bear       /~7  Elk  /~7  Moose 

iJ   Black  bear         [J   Deer  [J   Coyote 

r~f   Bear,  not  sure     /"~7  Mountain  goats     £J   Bald  eagle 
which  kind 

£J   Bighorn  sheep      /~~f   (t'ther  


3.   Did  your  party  stay  out  overnight  in  the  wilderness  CL>untry  beyond  the 
road  on  this  visit? 

/  /  N"     /~y  Yes  — ^  (Total  number  of  nights  .   Did  you  build  a 

woodfire  // ;  rr  use  a  gas  stove  // ;  cr  both  /  /? ) 

6.   Did  an  outfitter  or  guide  gc-  with  you? 

[^   No     [^  Xfi's   — >  (Was  it  a  fully  outfitted  trip  [J \    or  a  "spot  pack" 

or  "drop  camp"  (brouglit  in  and  left)  /  /) 
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On  the    map  belov;   please:      (a)    Draw  an  arrow  -^■^'^^  ""^^    along  your   route 
(off  the   road).      Include  any  off-trail  travel,      (b)   Mark  your   campsites 
with   an   "X"   and   write   the   number  of  nights  you   spent   at   each   campsite 
next   to   tne    "X". 


MISSION  MOUNTAINS 
PRIMITIVE  AREA 

FLATHEAD  NATIONAL  FOREST 


3      4 


AAIL£S 
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Form  la 


7.   Did  your  party  have  maps  or  guidebooks  for  the  wildez-ness  you  visit  od'-" 
[J   No     [J   Yes  — >  (What  kinds?  


Please  estimate  your  share  of  the  expenses  for  this  wilderness  trip  for 
the  two  items  below  (whether  or  not  you  personally  paid  any  part  of  the 
costs  of  the  trip) . 

a.  Traveling  to  and  from  the  wilderness  (including  meals  and 

lodging  while  traveling) % 


b.   All  other  expenses  (including  outfitter's  fees,  licenses,  film, 
food,  and  equipment  bought  for  camping,  hunting,  or  fishing). 
Do  not  include  the  cost  of  equipment  used  on  previous 
trips I 


10, 
11, 


12 


Was  this  your  first  visit  to  a  roadless  wilderness? 

iJ   Yes    //  N'^>  — >   (At  about  what  age  did  you  first  visit  a 

wilderness?  Was  this  with  your  parents? 

CJ   Yes   O   No) 

Did  you  ever  go  car  camping  with  your  parents':'   //  Yes    //  No 
Have  you  visited  this  particular  wilderness  before? 


O  No 


Z7y 


es 


(About    how  many   times?"  ) 

If  Yes,    would  you   say   the   quality-  of  the   area   was 

j]  Getting   better   ^  Any    comments?  

//   About   the  same 
/  /  Getting  worse    ^ 


Including  this   visit,    how   many   times   did  you    visit    a  roadless   wilderness 
in  the   past   12   months?^ 

How  many   total   days   did  you   spend   in   the   wilderness  on   all   visits   in  the 
past    12   months? 


S.S 


The  following  questions  ask  for  your  personal  opinion  or  attitude  about  the 
wilderness  area.  This  information  will  assist  the  Forest  Service  to  better 
manage  the  wilderness. 


13.   '^Tat  was  your  main  reason  for  choosing  to  visit  this  kind  of  area  (a  road- 
less wilderness)  for  this  trip"?' 


14.   liow  satisfied  were  you,  personally,  with  this  trip  into  the  wilderness? 

(just  the  country  beyond  the  end  of  the  road.)   What  kind  of  a  grade  would 
you  give  it?   (check  one) 

f~~/     A,  very  good 
O     B,  good 
O     C,  fair 
[J     D,  poor 
1/     F,  very  poor 
What  was  there  about  this  trip  that  made  you  feel  this  way?  


15.   When  you  are  camped  in  the  roadless  wilderness,  about  how  many  other 
parties  would  you  like  camped  within  sight  or  sound  of  your  campsite? 


On  this  trip  into  the  wilderness,  were  you  able  to  find  this  preferred 
kind  of  campsite: 

//   Every  night         //   Some  of  the  time    //  None  of  the  time 

16.   How  did  you  feel  about  the  number  of  other  people  you  saw  in  the  roadless 
wilderness  country  on  this  visit?   (check  one) 

/  /  Saw  way  too  few 

//  Saw  too  few 

//  AbDut  right 

/  7  Saw  too  many 

if  Saw  way  too  many 

//  Did  not  matter  to  me  one  way  or  the  other 

fl  Do  not  remember 

About  how  many  other  parties  did  you  see  in  the  wilderness  on  this 

trip':'  How  many  of  these  were  large  parties  (say,  over  10 

people)''  How  many  of  the  parties  had  horses  or  mules?  
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17.      H'jw  did    you    feel   atieiut    the   ciTidlti.  ii   oi'    Liils  r.'adieEs   w  1  Id' •riii.'sr.   (■-■unir.v 

in    terms   of   wear   and    tear   ironi   use ,  oaus  i  n^'   eresi-'ri   aad    i^'cs   >:    V':,'-'f_at  ii  ■!., 
and    in    tern:s   ol    litU'rin.;/    (clieck    oht;    l-ox    in  each   '.'uluniii  j  . 


Wear   and      L'<  ^  •  ^-r- 


tear 


4. 

Very    ^o.d 

n 

B. 

•J.  od 

n 

o 

c. 

Fa  1  r 

n 

o 

D. 

Rcr 

o 

n 

E. 

Very    pe'or 

II 

D 

l<\ 

Do   noi    r^:  meiT.ber 

n 

o 

^->  J  lea::e    ilesorile   wha '     S'-en.*  d 
vvxon.-: ,    if   rinyi  King: 


^ 


18.   Thinking  Just  about  t.^ie  rc'adless  wildt:-rness  counti-y,  Ihjw  desirable  or  un- 
desirable do  you  think  each  el  thi::-  l^ 'lIowin.;_;  Uiin,'_:s  isV   (  cr.eck  i.^ne  be^x 
after  each  item) 


Very  un- 
desirabl. 


A,   high  standard  trails 
(wide,  steady  grad>^s, 
fairly  straight) 

B, .   Low  standard  trails 
(son.ewhat  like  a  game 
trail- -narrow,  grade 
varies,  winding,  not 
the  shortest  route) 

C.  Leaving  soiiie  areas 
with  no  trails 

D.  A  few  trees  blown  down 
across  the  trail,  miay- 
be  1  or  2  a  mile 

E.  Bridges  over  creeks 
where  hikers  would 
otherwise  get  wet  feet 

F.  Bridges  over  rivers 
that  are  dangerous 
for  hikers  to  wade 


n 
o 

n 


D 


Neu' ral , 
Undo-      neither   deslralde   Lesir-    V^-ry   de- 
iirnble      nc-r   undesirable        able       oirall'- 


o 


o 


o 


o 


D 

I   1 

11 

a 

1   1 

n 

n 

1  1 

n 

n 

u 

o 

(continued   on   next    page) 
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Neutral, 
Very  un-   Unde-  neither  desirable  Desir-  Very  de- 
desirable  sirable   nor  undesirable    able   sirable 


H. 


J. 


L. 


Outhouses    (pit 
toilets) 

n 

n 

n 

n 

11 

Cemented   rock   fire- 

places  with  metal 
t^rales 

II 

LI 

o 

II 

11 

Small,    I'-'Ose   rock 
fireplaces 

o 

n 

II 

n 

11 

Natural   fc-rest    fires 
started   by   lightning 

II 

n 

n 

II 

11 

Pole   ccrrals   at   camp- 
sites  for   horses 

n 

11 

u 

o 

II 

Closing   some   areas    to 
use  by   horse   parties 

n 

II 

II 

n 

u 

Fi-ohibiting   wood   fires 

where   dead   wood    is 

scarce    (requiring   use 
of   gas   stoves) 

II 

n 

n 

n 

11 

Split    log   picnic    tables 
at    campsites 

n 

II 

u 

II 

o 

U,      Restricting   the   number 
of   visitors  to   an    area 
if    it    is    being  used 
beyond   capacity  £J  [J  [j  LJ  LJ 


P.  Eliminating  grazing 
by  visitors'  horses 
(requiring  carrying 


horse   feed) 

11 

D 

II 

Q. 

Requiring  all   visitors 

to  register   when 
entering 

II 

D 

n 

R. 

A   natural  fishery--no 

stocking,    and   barren 
lakes   left  barren 

II 

O 

u 

S. 

Limiting    the   size    of 
parties   to   12   people 

II 

U 

II 

n     o 


I   I 


n     o 
o     o 

(continued  on  next  page) 
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Neutral , 
Very  un-   Unde-   neiMinr  deslr:ible  Desir-  'hry   d'v 
desirr'ble  sirable   tii->r  undf.'Sirabie    .'ible   sirritli^ 


T. 

SL-rns    along  the    trail 
explain iriK'  natural 

features    or  early 
history 

n 

a 

a 

n 

a 

u. 

r'uryin^  unburnable 
garba,:;"e 

// 

n 

u 

u 

n 

V.   Use  of  chain  saws  by 
the  administrators  to 
clear  trails  of  trees     /  /      /  /  /  /         /~7 

W.   A  -uidebook  to  the 

wilderness  /  /  /~7  /~/  r~[ 

X,      A  detailed,    accurate 

-ap  O  O  O  O  O 

Y.      Issue    trip  permits   su 
visitors   could   only 
camp   each   night    in    the 
area    assigned   to    them  /  /  /  /  l'~~l  //  J^ 

Z.      Allow  visitors    to 

catch   fish    to   eat    in 

the   wilderriess   but 

not   to    bring   back   out  [J  [J  [J  [J  [J 

kk.      Rangers    'T   patriolmen 

in    the   backcuun+ry  //  /  / 

Any   Comments   on   ttie   items   above?   


19.       rii.w  important   or   valuable   are   wilderness  areas    t'j   yc'U    persont^lly': 

/  /  Extremely    important 

//  Very    inip^irtant 

/  /  Fairly    impc^rtant 

/  /  Nut    very    iriiportant 

/27  Not    at   all    imp.jrtant 
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We  would  also  like  some  background  information  about  you.   This  information  is 
needed  to  predict  future  use  and  to  compare  different  kinds  of  recreation  areas. 
We  respect  your  privacy--all  this  information  will  be  kept  strictly  confidential. 


20.   Do  you  belong  to  any  conservation  or  outdoor  recreation  clubs? 

O   No 

/~7  Yes  — ^  (Which  C)nes?  


) 


21.   Where  do  you  live?   And  where  did  you  live  most  of  your  life  before  age  18? 
(check  one  box  in  each  column)   (if  you  live  or  used  to  live  in  a  suburb, 
answer  in  terms  of  the  whole  metropolitan  area.) 

Where  did  you  live 
Where  do  you    most  of  your  life 
now  live?       before  age  18? 


A.   On  a  farm  //  /  / 

E.      Rural    or   small    town    (under 

1,000   population)  ij  [J 

C.  Town    (1,000   -   5,000   population)  /27  CJ 

D.  Small   city   (5,000   -   50,000 

population)  //  /_/ 

E.  Medium   city    (50,000    -    1 

million    population)  //  // 

F.  Large   city   (over   1   million 

population)  /~7  /"~7 

22.  What    is  the  highest  year  of   school   you    have   completed?      (circle) 

Elementary  High    School  College 

123^5678  9   10   11   12  13   14  15   16   16+ 

Are   you   still   a  student?      /~J  Yes  /~7  No 

23.  What    is  y''ur   occupation?      (if   retired,    show  occupation  before   retirement, 
A.      What   kind   ^i   work  are  you    doing?   __^ 


B.      What   are   your  most    important    activities   or  duties 
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2"^.      Please   check    the  tox    ttiat    comes    c]<--sest   ti.)   y'.jvr    Lotal    landly    IriC'-rnt-^ 
bel'ore    taxes. 

/^   less  than  |3,000  /^   110,000  up  'm  115,000 

/27  $3,000   up  to   -b.OOO  ly  :U3,000  up  to   .i'.-'S.OOO 

ly  $3,000  up  to   :|7,000  /^  $23,000   and    .>vpr 

/27  $7,000   up   to   410,000 

23.      How  many  weeks   ol    paid   vacation   does    the    head    of   your    household   rpceive 
each   year? 


26.  Please   check    the   box   that   applies   to   you, 
£J  Male  ly  Female 

27.  Your   age    last   birtliday?    


PLEASE  MAIL   THE  COMPLETED  QUESTI'JNNAIRE   IN  THE    ENCLOSED  SELF-ADDRESSED 
ENVELOPE.      NO  STAMP  IS   NEEDED;    WE   HAVE   ALREADY    PAID  THE   POSTAGE. 


THANK  Yl,U   VERY   MUCH 
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eight  wildernesses  and  related  areas  in  the  Montana  and  Idaho  Rockies 
and  to  one  wilderness  in  the  California  Sierra  Nevadas.   Basic  data 
on  use  patterns,  including  types  of  groups,  activities,  travel 
behavior,  visitor  characteristics,  motives  for  visits,  satisfaction 
with  conditions  experienced,  and  x^ref erences  for  management  actions 
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implications  are  discussed. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  Stales  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  23 1  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation    with    Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 

University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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WHITE  PINE  VIGOR  - 


A  NEW  LOOK 


RUSSELL  T.   GRAHAM 


INTERMOUNTAIN  FOREST  AITO  RANGE  EXPERIMENT  STATION 
U.S.  Department  of  Agriculture 
Forest  Service 
Ogden,  UT  84401 


RESEARCH   SUMMARY 


Matching  the  silvicultural  system  to  stand  condition  is 
important  in  forestry  operations.   To  assist  the  manager  in 
making  such  matches,  ranking  of  stands  according  to  their 
vigor  is  often  used.   To  evaluate  stand  vigor,  individual  tree 
vigor  must  be  estimated.   Two  expressions  of  tree  vigor  are 
growth  and  mortality. 

The  vigor  classes  for  mature  western  white  pine  were  used 
to  estimate  periodic  annual  diameter  growth,  but  no  differences 
in  diameter  growth  rate  could  be  detected  between  the  excellent, 
good,  and  fair  vigor  classes.   The  diameter  growth  rate  of  the 
poor  vigor  class  is  different  from  the  other  classes.   Likewise 
using  individual  tree  characteristics,  crown  ratio,  crown 
class,  and  tip  vigor,  no  better  prediction  of  diameter  growth 
rate  could  be  achieved. 

Mortality  prediction  m.ay  be  accomplished  using  vigor 
classes  or  individual  tree  characteristics.   The  individual 
tree  characteristics  in  the  form  of  a  prediction  equation  are 
more  precise  than  the  vigor  classes.   The  predictions  of 
mortality  can  be  computed  by  using  the  equations  or  reading 
directly  from  mortality  graphs. 

Stand  condition  is  important  in  estimating  tree  mortality. 
A  tree  in  a  poor  vigor  stand  will  have  a  larger  probability  of 
dying  than  the  same  tree  in  a  good  vigor  stand.   Cutting 
in  a  stand  increases  the  probability  of  leave  trees  dying, 
unless  the  leave  trees  are  of  excellent  vigor,  those  having 
long  dense  crowns. 
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INTRODUCTION 

Stand  condition  is  the  most  important  consideration  when  selecting  a  treatment 
alternative.   Stand  condition  or  stand  vigor  is  the  assimilation  of  individual  tree 
condition  or  vigor.   Tree  vigor  is  some  function  of  the  growtli  rate  of  the  tree  and 
its  length  of  life.   To  evaluate  tree  vigor,  silviculturists  have  produced  man}- 
different  vigor  classifications  for  different  species.   Dunning  (192S)  and  Keen 
(1945)  provided  vigor  ratings  for  ponderosa  pine  (Pinus   ponderosa    Laws.),  Roe  (194S) 
provided  jireliminary  vigor  ratings  for  western  larch  (Larix  occidentalis   \utt.)  and 
Douglas-fir  (Pseudotsuga   wenziesii    [Mirb.]),  and  Wellner  (1952)  developed  a  vigor 
rating  system  for  mature  western  white  pine  {Pinus  monticola   Dougl . )   All  of  these 
rating  systems  can  and  have  been  used  to  help  select  treatment  alternatives  for 
forest  stands. 

Wellner's  method  identified  combinations  of  tree  characteristics  that  defined 
four  classes  of  tree  vigor.   The  boimds  for  a  characteristic  within  a  class  were 
defined  intuitively.   Then  the  overall  rating  scheme  was  evaluated  by  showing  that 
the  classes  did,  in  fact,  differ  as  to  mortality  and  growth. 

The  white  pine  vigor  classes  do  differ  in  mortality  and  growth,  but  how  or  by 
how  much  they  differ  has  not  been  explored  (Wellner  and  Boyd  1959).   Wellner  and 
Boyd's  analysis  showed  differences  in  mean  periodic  annual  diameter  at  breast  height 
(d.b.h)  growth  but  did  not  show  wliich  vigor  classes  were  different  from  each  other. 
They  also  did  not  show  which  tree  characteristics  within  the  vigor  classes  were 
important  for  mortality  prediction  and  growth  prediction,  nor  if  stand  vigor  could  be 
improved  by  partial  cutting  a  mature  stand  of  wliitc  pine. 

From  1959  on,  more  analytical  tools  became  available  to  evaluate  tree  growth 
and  mortality.   Hamilton  and  bdwards  (197b)  presented  a  procedure  for  analyzing 
individual  tree  mortality  that  could  be  used  to  estimate  mortality  by  vigor  classes 
or  individual  tree  characteristics.   Because  of  these  recent  developments  and  a 
rising  interest  in  white  pine  management,  another  look  is  warranted  into  the  vigor 
of  mature  white  pine. 

I  METHODS 

Beginning  in  1941,  data  were  collected  on  white  pine  vigor  and  the  imjxict  of 
partial  cutting  on  tree  vigor.   Between  1941  and  1954,  15  permanent,  fixed-area 
sample  plots  were  established  throughout  northern  Idaho.   These  stands  had  a  range 
of  growing  sites  and  species  mixtures  (table  1).   The  stands  were  even-aged  ranging 
from  100  to  over  200  years.   The  treated  stands  had  partial  cuts  with  the  amount  of 
white  pine  removed  ranging  from  15  to  68  percent.   The  plots  were  remeasured  at  or 
near  5-year  intervals,  with  the  lengtli  of  records  on  the  plots  ranging  from  5  to  20 
years.   The  data  collection  resulted  in  5,005  tree  records  with  a  variety  of  tree 
jneasurements  and  descriptions  recorded  (table  2)  . 
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Table    2. --A?easurements    and   observations    taken    on   white   pin'-    [lartial    i.:attin'i   /'/ot.s 


niametcr   In-ea.st    height 
a.         \eai-est    0.  1    i  iich 

liole   condition 

a.  Rut 

b.  Dead  fork 

c.  Broken  top 

d.  Successful  beetle  attack 

e.  Unsuccessful  beetle  attack 

Crown  class 

a.  Dominant 

b.  Codoininant 

c.  Intermediate 

d.  Suppressed 

Tip   cliaracter 

a.  Pointed 

b.  Sprayed   out 

c.  Broken   or   dead 


8.         Crown    form 

a  .         Dn  i  i'orm 

b.  I  In  i  foi-ni    -    ragj'.ed 

c.  One-sided 

d.  IJaggcd,    one-sided 

*9.         ("I'own    coloi' 

a.  (ircen 

b.  bight    green 

c.  Yellow 

10.         Dielxick 

a.        Absent 


11. 


n. 


c , 


loderate 
■xtens  ive 


t'rown   density 

a .  Cood 

b.  fair 

c .  Poor 


lip  Vigor 

a.  Good 

b.  Fair 

c.  Poor 

Crown  width 

a.  Wide 

b.  Medium 

c.  Narrow 

Crown  ratio 

In  tenths  of  total  height 


15, 


C  rown  V  i  go  r  rati  n  g 

a.  lixcellent 

b.  Cood 

c.  Fair 

d .  Poor 

Cause  of  mortal  it\' 


a . 

Unknown 

b. 

Sujipression 

c  . 

Wind  or  snow 

d. 

Insects 

e . 

Di  sense 

f . 

hiving 

^Variables  used  by  Wellner  (1952)  in  his  vigor  classification  for  mature  western 
white  pine  trees. 


Six  separate  analytical  procedures  were  used  in  the  ilata  analysis.   F'or  ovaluatinj 
tree  growth,  analysis  of  variance,  Tukey's  multijilc  comparison  jirocedure,  regression, 
and  F  tests  were  used.   For  tree  mortality,  SCRFFN,  a  computer  program  that  identifies 
predictors  of  dichotomous  dependent  variables  (Hamilton  and  Wendt  1975);  RISK,  a 
regression  computer  program  for  dichotomous  inde]")endent  variables  (Hamilton  197-1); 
and  a  chi-square  test  were  used. 


RESULTS:   GROWTH    PREDICTION 


Vigor  CI 


asses 


The  vigor  classes  as  defined  by  Wellner  (1952)  help  distinguish  differences  among 
the  mean  annual  diameter  growths  of  the  vigor  classes.   The  diameter  growth  means  are 
aligned  with  the  excellent  vigor  class  having  the  largest  mean  and  the  poor  vigor  class 
having  the  smallest  mean  (fig.  1).   Using  Tukey's  multiple  comparison  test,  the  means 
of  the  excellent,  good,  and  fair  vigor  classes  were  not  different  (P^  .05).   The  poor 
vigor  class  mean  is  different  from  the  other  means. 
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0. 10  inch 
(2.54  mm) 


0. 09  inch 
(2.29  mm) 


0.08  inch 
(2.03  mm) 


0.07  inch 
(1.78  mm) 


0.06  inch 
(1.52  mm) 


0.05  inch 
(1.27  mm) 


Excellent 


Good 


Fair 


Poor 


All  Trees 


VIGOR  CLASSES 

Figure  l.--Mean  periodic  annual  diameter  growth  for  western  white  pine, 
Different  letters  indicate  significant  differences  (P<  .05), 


Prediction  l^uation 


The  diameter  grow 
regression  procedures 
were  tested  in  4,095  s 
0.04.   The  best  regres 
tip  vigor,  cromi  class 
vigor,  and  crown  class 
variation  in  diameter 
add  significantly  to  t 
meter  growth  in  mature 
fore,  a  direct  est imat 
precision  compared  to 
face  of  a  large  compon 


til  prediction  equation  was  developed  using  a  comhina 
and  I- -tests.   Various  combinations  of  independent  va 
eparate  regression  equations  with  tlie  largest  R-squa 
sion  contained  the  following  independent  variables: 
,  crown  density,  and  bole  condition.   Stejnvisc,  ci-ow 

continued  to  add  significantly  to  the  amount  of  exp 
growth.  In  contrast,  crown  density  and  bole  conditi 
he  explained  variation.   Tlie  most  important  predicto 

white  pine  are  crowri  ratio,  crovvTi  class,  and  tip  vi 
ion  of  diameter  growth  by  an  equation  jirovides  some 
the  four  vigor  class  means,  but  the  improvement  is  t 
ent  of  unexplained  variation. 
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RESULTS:   MORTALITY   PREDK  FION 

Vigor  Classes 

In  both  cut  and  uncut  stands,  vigor  classes  are  good  jiredictors  of  mortality. 
A  regression  using  RISK  was  fit  using  annual  mortality  as  the  de]")endent  variable  and 
vigor  classes  as  the  independent  variables  on  data  from  both  uncut  and  cut  stands. 
IVhen  both  of  these  equations  were  tested  on  separate  data  using  a  chi-square  test, 
no  significant  difference  (T  <    .05)  existed  between  the  observed  and  predicted 
mortality.   Annual  mortality  rates  for  cut  stands  b\'  vigor  classes  were  as  follows: 
excellent  0.0050,  good  0.0064,  fair  0.0104,  and  poor  0.0159  (fig.  2). 


>- 


0£. 
O 


0.020 


0.016  - 


0.012 


0.008 


0.004 


Excellent      Good        Fair        Poor 
Figure  2. --Annual  mortality  rates  by  vigor  class  for  cut  stands. 

To  use  the  classes  to  predict  mortality,  the  vigor  of  tlie  tree  must  be  determined 
using  the  vigor  classification  for  mature  white  ]")inc  (IVellner  1952)  (see  ajijiendix). 
After  the  vigor  class  is  determined,  annual  mortalit)'  is  determined  using  figure  2. 
This  procedure  provides  a  mortality  rate  for  each  vigor  class--poor,  fair,  good,  or 
excellent . 


Prediction  Equation 

The  significant  (P  <_  .05)  predictors  of  mortality  were  identified  using  SCREEN. 
In  botli  the  cut  and  uncut  plots,  crown  density  and  crown  ratio  were  identified  as 
signficant  predictors  of  mortality.   In  the  cut  plots,  cro\^m  ratio  was  the  best 
predictor  of  mortality,  with  crown  density  the  second  best  predictor  for  trees  with 
crown  ratios  of  20  to  30  percent  (fig.  5A) .   For  the  uncut  plots,  crown  density  was 
the  best  predictor  of  mortality  (fig.  3B) .   For  trees  in  uncut  plots  with  good  and 
fair  crovNTn  densities,  bole  condition  is  the  second  best  predictor.   For  trees  in 
uncut  plots  having  poor  crown  densities,  crown  ratio  is  the  second  best  predictor  of 
mortality.   For  the  remaining  subsets  of  trees,  there  were  no  variables  that  explained 
a  significant  additional  amount  of  variation. 


STATUS 


A. 


1,405  Alive  89 
171  Dead  11' 


CROWN  RATIO 
10-2070 


160  Alive  71% 
64  Dead  29% 


CROWN  RATIO 
20-30% 


516  Alive  90% 
58  Dead  10% 


CROWN  RATIO 
30-90% 


729  Alive  94% 
49  Dead    6 


CROWN  DENSITY- 
poor 


79  Alive  83% 
16  Dead  17  % 


CROWN  DENSITY- 
good  and  fair 


437  Alive  91% 
42  Dead     9% 


STATUS 


B. 


826  Alive  88% 
118  Dead   12% 


CROWN  DENSITY 
poor 

86  Alive  68% 
41  Dead  32% 


CROWN  DENSITY 
good  and  fair 

740  Alive  91% 
77  Dead    9% 


CROWN  RATIO 
10-20% 


49  A  live  60% 
32  Dead   40% 


CROWN  RATIO 
20-  90  % 


37  Alive  80% 
9  Dead    20% 


BOLECONDITION- 
broken  top  and 
beetle  attacks 


117  Alive  84% 
23  Dead    16% 


BOLE  CONDITION 
OK  and  rot 


623 Alive   92% 
54  Dead      8% 


Figure  3A. --Probability  of  mortality  of  white  pine  in 
cut  stands,  5  percent  significant  level.  B.  Prob- 
ability of  mortality  of  white  pine  in  uncut  stands, 
5  percent  significant  level. 


Using  the  above  information,  a  inortalit)'  pi'ediction  model  was  Til,  usini',  UISK 
for  the  cut    plot  data.   The  model  contained  crown  ratio  and  crown  densit)'  as  tlie 
indc]iendent  variables.   This  prediction  ei-ination  was  tested  on  a  separate  data  set 
using  a  chi-sciuare  test  with  no  significant  (P  •   .OS)  differences  between  the  oi)served 
and  predicted  mortality.   The  model  took  the  form: 

P    =       1    +    exii    [-(l-:.o    +    !-•!    ^1    +    '>■:•    ^2    +    .'-^    >^^)1  Ml 

wlicrc : 

P   =  probability  of  mortality  })er  year 

X]  =  crown  ratio  in  percent 

Xt  =  1  if  good  crown  densit)' 

X-.  =  0  if  fair  or  poor  crown  density 

X3  =  1  if  fair  crown  density 

X3  =  0  if  poor  or  good  crown  density 

3o  =  -5.68581  61  =  -.0156255 

62  =  -1.55584  63  =  -.866748 

The  prediction  model  was  used  to  estimate  the  probabilit)'  of  mortality  for  each 
tree  in  the  cut  plots.   These  values  were  then  averaged  to  obtain  a  mean  proi)ability 
of  mortality  for  each  cut  plot.   This  average  stand  mortality  rate  was  then  evaluated 
as  a  potential  predictor  of  individual  tree  mortality.   Crown  ratio,  crown  densit)', 
and  average  stand  mortality  were  found  to  be  the  most  important  significant  predictors 
of  individual  tree  mortality.   Using  this  information,  another  mortality  model  was 
fit  using  RISK.   This  ]")rocedure  resulted  in  the  following  model: 

P  =   1  +  exp  [-(Bo  +  li\    Xi  +  B2  Xo  +  33  X3  +  (-'a,  X^Jl  ~^  \2\ 

where : 

P   =  probability  of  mortality  per  year 

Xj  =  crown  ratio  as  a  percent 

X2  =  1  if  good  crown  density 

X2  =  0  if  fair  or  poor  crown  density 

X3  =  1  if  fair  crown  density 

X3  =  0  if  poor  or  good  crown  density 

X4  =  Average  stand  mortality 

3o  =  -4.28115  61  =  -0.0275056 

Bo  =  -0.594147  B3  =  -0.517882 

Btt  =  108.005 


As  before,  this  model  was  tested  on  separate  data  using  a  chi-square  test  with  no 
significant  (P  <_  .05)  differences  between  the  observed  and  predicted  mortality. 

This  equation  can  predict  individual  tree  mortality  as  a  function  of  crown 
density,  crown  ratio,  and  average  stand  mortality.   Crown  density  can  be  estimated 
by  comparing  trees  to  a  mature  white  pine  crown  classification  (fig.  4).   Crown 
ratio  can  be  measured  or  estimated  directly  from  the  trees  in  question.   Average 
stand  mortality  (ASM)  can  be  computed  directly  using  equation  [1|,  and  then  averaging 
the  individual  tree  mortality  rates  to  get  an  average  stand  mortality  rate.   A  less 
precise  but  adequate  estimate  of  ASM  can  be  estimated  from  the  average  stand  crown 
ratio  (fig.  5).   Knowing  a  tree's  crovm  density,  crown  ratio,  and  the  average  condition 
of  the  stand,  the  probability  of  mortality  of  an  individual  tree  can  be  estimated. 
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Good 


lai  r 


Poor 


Figure  4.--Cro\\n  density  classification  for  mature  white  pine. 
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Figure  5. --Average  stand  mortality  based  on  average  stand  crown  ratio. 


The  final  mortality  model  (equation  [2])  can  be  used  with  the  preceding  information 
to  estimate  tree  mortality  rates.   Often  equations  are  difficult  to  use,  so  figures  6- 
8  show  graphical  solutions  to  the  mortality  model.   To  estimate  mortality  rates  the 
graphs  need  an  ASM,  crown  ratio,  and  crown  density.   For  example,  given  a  tree  with 
a  good  crown  density  (fig.  4),  a  crown  ratio  of  50  percent  growing  in  a  stand  with  a  mean 
crown  ratio  of  30  percent,  the  procedure  would  be  as  follows.   Use  the  graph  for 
trees  with  good  crown  densities  (fig.  6).   Using  figure  5,  the  average  stand  mortality 
based  on  average  stand  crown  ratio  can  be  estimated.   For  the  example,  an  average 
stand  crown  ratio  of  30  percent  yields  a  stand  ASM  of  approximately  .010.   From  figure 
6,  a  tree  with  a  crown  ratio  of  50  percent  in  a  stand  with  an  ASM  of  .010  would  have 
an  annual  mortality  rate  of  .006.   The  graphs  or  equations  1  and  2  can  be  used  to 
compute  annual  mortality  rates. 
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Figure  6. --Annual  mortality  rates  for  mature  western  white  pine  with 
good  cro\\Ti  density  for  partially  cut  stands. 
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Figure  7. --Annual  mortal  it 


y  rates  for  mature  western  white  pine  with  fair  crown  density 
for  partially  cut  stands. 


0. 035  I- 


0.030 


0.025  - 


9       0.020   - 


!-;;        0.015  - 


0.010 


0.005 


ANNUAL 

MORTALITY 
RATE 


20 


40  50  60 

CROWN  RATIO  (PERCENT) 


70 


80 


^^igure  8. --..Annual  mortality  rates  for  mature  western  white  pine  with  poor  crown  dcnsitv 
I  for  partially  cut  stands. 
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Developing  these  mortality  equations  emphasizes  the  importance  of  stand  condition, 
The  probability  of  mortality  of  a  tree  of  given  characteristics  increases  as  stand 
condition  moves  from  good  to  poor.   A  tree  with  a  crown  ratio  of  40  percent  and  a 
poor  crown  density  in  a  stand  with  an  ASM  of  .005  has  a  mortality  rate  of  .0056,  but 
in  a  stand  with  an  ASM  of  .020  it  has  a  mortality  rate  of  .0557  (fig.  9).   Similar 
results  of  a  tree  having  a  good  crown  density  and  a  crown  ratio  of  60  percent  are 
shown  in  figure  9. 
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Figure  9. --Annual  mortality  rates  of  similar  trees  over  a  range  of  average 

stand  mortality  rates. 


Using  the  same  mortality  model  fitting  procedures  as  hcf'oi'e,  two  additional 
mortality  models  were  fit  for  tlie  uncut  and  cut  data.   Both  models  used  crown  density 
and  crown  ratio  as  the  independent  variables.   Using  a  chi-stjuai-e  test  on  separate 
data,  no  significant  (P  <  .05)  differences  existed  between  thv   obsei'vcd  and  pi-cdicted 
mortality  for  either  model. 

The  models  for  cut  and  uncut  stands  sliow  the  influence  of  cutting  on  intlividual 
tree  mortality  rates.   A  tree  with  a  crown  ratio  of  2(1  percent  and  a  poor  crown 
density  has  a  probability  of  mortality  of  .0188  in  an  uncut  stand,  and  a  probability 
of  mortality  of  .0254  in  a  cut  stand  (,fig.  10).   As  tree  condition  improves,  cutting 
has  less  influence  on  mortality  rates.   A  tree  with  a  crown  ratio  of  70  percent  and 
a  good  crown  density,  has  mortality  rate  of  .0026,  and  in  a  cut  stand  a  mortality 
Tate  of  .0020.   Therefore,  unless  the  tree  is  of  excellent  vigor,  cutting  will  increase 
its  probability  of  dying. 
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Figure  10. --Tree  mortality  rates  in  uncut  and  cut  stands 
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DISCUSSION 

Stand  vigor  should  always  be  considered  when  choosing  stand  treatment  alternatives. 
This  study  provides  a  new  look  at  white  pine  vigor  ratings  and  some  tools  for  evaluating 
individual  tree  mortality.   A  tree  in  a  poor  vigor  stand  will  have  a  greater  probability 
of  dying  than  the  same  tree  in  a  good  vigor  stand.   When  evaluating  partial  cutting, 
leaving  just  the  best  trees  in  the  stand  as  leave  trees  may  not  be  adequate  if  the 
stand  is  of  poor  vigor. 

Likewise,  cutting  itself  influences  tree  mortality.   Only  trees  with  long,  dense 
crowns  have  less  probability  of  dying  in  cutover  stands  than  in  uncut  stands.   All 
otlier  trees  with  different  combinations  of  crown  lengtli  and  crov^fn  density  have  a  greater 
chance  of  dying  in  cut  stands  than  uncut  stands.   Therefore,  if  a  stand  has  no  excellent 
vigor  trees--that  is,  those  with  long,  dense  crowns--partial  cutting  in  the  stand  will 
decrease  the  overall  vigor  of  the  stand. 

The  vigor  of  a  stand  is  very  important.   Partial  cutting  places  a  stress  on  the 
leave  trees,  which  in  turn  must  be  overcome  by  the  vigor  of  the  tree.   Stands  of  good 
to  excellent  vigor  are  good  choices  for  partial  cutting.   The  trees  chosen  for  leave 
trees  should  be  of  excellent  quality.   Only  then  is  partial  cutting  going  to  increase 
the  vigor  of  a  stand  of  mature  white  pine.   Mature  stands  of  other  tree  species  could 
also  react  to  cutting  as  does  mature  white  pine.   Therefore,  the  vigor  of  a  mature 
stand  of  timber  should  be  carefully  evaluated  before  applying  a  partial  cut  to  the 
stand . 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  23 1  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 

year. 

Field  programs  and  research  work  units  of  the  Station 

are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 

State  University) 
Logan,    Utah    (in   cooperation    with    Utah   State 

University) 

Missoula,  Montana  (in  cooperation  with  the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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ASE  STUDY:  GROWTH  AND  DEVELOPMENT  OF  FOREST  STANDS 
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RESEARCH  SUMMARY 


Tree  diameter  and  height  growth  were  compared  for  nine  habitat 
types.   Ten-year  diameter  growth  was  nighly  variable  among  habitat 
types  as  was  10-year  height  growth.   High  variation  in  both  diameter 
and  height  growth  also  occurred  within  habitat  types.   Thirty-six 
local  yield  tables  are  presented,  one  for  each  stand  in  the  study. 
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INTRODUCTION 

Information  on  gi'outh  and  \ield  of   managed  stands  plas's  a  iiiajoi-  laih-  in  hoth 
stand  jircscript  ion  preparation  and  timber  manageniL'nt  plannin;:.   Stand  chai\iel  r  i- i  st  les 
at  various  stages  of  development  are  used  to  plan  i  ntc-rined  i  ate  euttinus  as  wf  1  1  as 
tlie  timing  of  the  final  harvest.   But  for  man>'  Northern  Kockies  halntat  t,\pes  (  Haiilicnmi  re 
and  [laubenmire  19bS)  used  in  forest  planning,  there  are  insuffieient  data  on  forest 
growtli  and  yield. 

To  strengthen  this  data  liasc,  permanent  sample  plots  uere  established  in  .'>() 
stands  on  11  foi'ests  diiring  1970  and  l'.)71  with  tlie  intention  oi'   measuring  the  risiilts 
of  management  praeticcs;  therefore,  thiimed  stands  and  stands  scheduleil  i"or  thiinnng 
were  chosen.   Tliese  study  stands,  located  throughout  western  Montana,  nortliern 
Idaho,  and  eastern  IVasIiington  (see  fig.  1),  were  not  selected  with  an\'  I'andomness  or 
experimental  design  in  mind.   In  197S  and  l'J7()  the  plots  were  ]-emeasured,  resulting 
in  5  years  of  growth  information. 

The  study  encompasses  a  wide  geographical  area  consisting  of  many  climatic 
conditions.   The  stand  elevations  range  from  3,000  ft  (014  m)  to  7,000  ft  (2  1  .>4  m )  . 
Tlie  slopes  and  asjiects  of  the  stands  are  also  <|uite  variable  (table  1). 

Because  of  the  diverse  growing  sites  represented,  tlie  vegetation  varies  within 
the  stud}'  areas.   Tlie  tree  species  represented  include: 

Abies   grandis    (Dougl.)  Lindl.  grand  fir 

Pseudotsuga   wenziesii    var.  glauca    (Beissn.)  franco      Douglas-fir 

Pinus   ponderosa    Laws.  var.  ponderosa  ponderosa  ]nne 

Pinus   contorta   Dougl.  lodgciiole  pine 

Tsuga    heterophylla    (Raf.)  Sarg.  western  hemlock 

Thuja   plicata   Donn  western  retlcedar 

Larix   occidentalis   Xutt.  western  lai'ch 

1 

I  The  habitat  types  represented  include: 

Tsuga    heterophylla/Pachistima    myrsinites  Tshe/Pamy 

\  western   hemlock/ pachistima   myrsinites 

\ 

\  Pinus   ponderosa/Symphor icarpos    albus  Pipo/Syal 

ponderosa   pine/snowberry 

Pseudotsuga   menziesii/Calamagrostis    rubescens- 
I,      arctostaphylos    uva-ursi  Psme/Caru-aruv 

\  Douglas- fir/ pinegrass-kinnikinnick 

Abies    grandis/Pachistima    myrsinites  Abgr/P-imy 

I      grand   fir /pachistima   myrsinites 

Pseudotsuga   menziesii/Symphor icarpos   albus  Psmo/Syal 

i|      Douglas- fir /snowberry 

Abies    lasiocarpa/Pachistima    myrsinites  Abla/Pamy 

j      sub-alpine    fir /pachistima   myrsinities 

Abies    lasiocarpa/Vaccinium  scoparium  Abla/Vasc 

•,     sub-alpine   fir/grouse   whortleberry 

] 

•Pseudotsuga    menziesii /Physocarpus    malvaceus  Psmc/Phma 

I  Douglas- fir  ninebark 
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Thuja   plicata/Pachistima   myrsinites  Thpl/Pamy 

western    redcedar/ pachistima   myrsinities 

Since  there  were  no  criteria  for  stand  selection  other  than  past  management  or 
planned  future  management,  many  different  types  of  stands  were  selected.   Both  stand 
size  and  number  of  sample  points  per  stand  were  not  fixed  for  the  study.   Stand  age 
was  quite  variable,  ranging  from  10  years  to  200  years  (table  1). 

As  would  be  expected,  stand  characteristics  differ  for  each  stand,   ^lean  stand 
diameters  range  from  0.9  to  16.3  inches  (2.29  to  41.4  cm)  (table  2).   Both  trees  per 
acre  and  accretion^  vary  from  stand  to  stand.   Because  of  ingrowth  and/or  mortality, 
mean  diameters  in  some  of  the  stands  are  smaller  for  the  second  measurement. 

Because  of  the  nature  of  the  data  and  the  lack  of  an  appropriate  experimental 
design,  we  are  presenting  the  results  as  a  case  study.   The  results  are  for  the 
stands  examined  and  the  data  should  be  extrapolated  to  other  stands  and  conditions 
with  caution. 

ANALYSIS 

Tlie  analysis  involved  summarizing  data  for  the  36  stands  and  making  appropriate 
comparisons.   When  each  stand  was  chosen  for  inclusion  in  the  study,  the  crop  trees 
were  tagged  and  permanently  marked.   To  make  valid  comparisons  between  the  first  and 
second  measurement,  only  crop  trees  were  used  in  the  thinned  stands.   In  the  unthinned 
stands,  the  entire  stand  as  it  existed  was  used.   Diameter  growth  and  height  growth 
were  converted  to  10-year  periods  for  ease  of  comparison.   Incomplete  records--that 
is,  trees  dying  during  the  study- -were  dropped  from  the  diameter  and  height  growth 
calculations.    A  least  squares  mean  separation  procedure  (SAS  Institute  1979)  was 
used  to  separate  the  growth  means  for  the  habitat  types. 

To  better  sliow  the  impact  of  the  diameter  and  height  growth  changes,  each  stand 
was  projected  into  the  future  using  a  stand  prognosis  model  (Stage  1973).   These 
projections  are  the  best  estimate  possible  for  the  potential  growth  of  the  stands. 

RESULTS 
Diameter  Growth 

Tree  size  and  age  are  very  important  in  determining  tree  growth  rates.   Therefore, 
to  make  comparisons  among  habitat  types,  the  diameter  growth  means  were  adjusted  for 
both  age  and  diameter  of  the  trees  at  the  time  of  the  first  measurement.   In  the 
analysis  of  covariance,  age  and  initial  diameter  were  both  significant  (P  <  .05)  in 
explaining  diameter  growth.   These  adjusted  growth  means  can  be  compared  allowing  for 
different  tree  ages  and  diameters. 

The  Pipo/Syal   h.t.  had  the  smallest  adjusted  10-year  diameter  growth  mean,  0.68 
inches  (1.73  cm).   The  Abla/Pamy   h.t.  had  the  largest  10-year  diameter  growth  mean, 
4.26  inches  (10.82  cm)  (table  3).   The  adjusted  means  can  be  separated  into  distinct 
habitat  type  groups  based  on  10-year  diameter  growth  using  the  least  squares  mean 
separation  procedure.   These  were:  (1)  Pipo/Syal;    (2)  Abgr/Pamy ,    Thpl/Pamy;    (3) 
Psme/Phma ,    Tshe/Pamy,    Psme/Syal ,    Abla/Vasc ,    Psme/Caru-Aruv;    and  (4)  the  Abla/Pamy 
h.t. 


■Periodic  annual  cu  ft  volume  growth  based  on  5-year  period  excluding  ingrowtn 


Tabh 


■Stand   character  ist  ics    for   eacli    mi-\tsur(-'wcnt    }>i_'ri(>tl 


Stand 


\  d.b.h. 


irst 


Second 


Inches 


X  height 


First 


Second 


Basal  area/acre 
I- irst   Second 


Feet 


Ft- 


Ti'ees/acre 
i  rst      Secoiul 


Ac c ret  i  on 
1  i  I'st      Second 


Ft 


ThiiHied    stands    (crop   ti'ecs) 


1.  0505700 

0.  9 

2.4 

0.0 

13.1 

1 

8 

500 

2  5  3 

.^ 

19 

:.  1100102 

S.  1 

9 .  9 

48.5 

50.4 

50 

54 

157 

101 

192 

14  2 

5.  11 00  111 

0.9 

7.  7 

40.5 

51.4 

78 

84 

504 

260 

1  35 

172 

1.  1100202 

8.0 

9.4 

02.5 

04  .  0 

105 

100 

25  3 

219 

17:- 

11') 

3.  1005805 

8.0 

10.5 

51.7 

58.5 

54 

50 

97 

62 

124 

181 

7.  2505502 

12.5 

8.  8 

59.5 

37.  1 

39 

4{. 

4  8 

109 

3  3 

10 

3.  2510102 

8.0 

10.  1 

51.5 

58.  3 

73 

7  3 

185 

131 

82 

121 

3.  2510502 

5.8 

0.7 

52.0 

40.0 

24 

25 

130 

101 

2'J 

50 

).  2515211 

10.0 

10.4 

81.5 

85.5 

147 

147 

26  7 

249 

117 

101 

I.  2515400 

0.8 

7.0 

4  7.0 

52.2 

83 

01 

246 

192 

71 

87 

:.  2515701 

4.  7 

5.0 

40.0 

40.5 

40 

48 

381 

280 

14  5 

145 

5.  2513905 

10.3 

15.5 

98.5 

05.5 

93 

91 

05 

91 

78 

6  7 

1.  2514122 

8.5 

8.5 

42.0 

38.7 

41 

45 

105 

113 

135 

SO 

3.  2514500 

5.  1 

7.5 

24.5 

31.  1 

18 

10 

124 

55 

24 

60 

).  2514004 

2.0 

3.2 

15.9 

20.9 

0 

11 

200 

200 

11 

18 

7.  2514701 

0.1 

7.6 

24.8 

32 .  3 

40 

50 

196 

159 

159 

130 

i.    2515204 

2.  1 

5.  2 

11.5 

15.0 

9 

7T 

380 

380 

50 

55 

).  2515  504 

1.8 

2.  9 

10.8 

14.8 

0 

16 

340 

340 

21 

46 

j).  2515502 

1.0 

2.8 

8.8 

15.1 

4 

12 

300 

500 

13 

31 

\.    3002101 

4.1 

4.8 

22.0 

24.3 

57 

40 

595 

370 

79 

141 

.  3002204 

0.0 

1.9 

5.0 

9.5 

1 

5 

280 

280 

3 

17 

.  3010302 

4.7 

5.0 

58.3 

59 . 4 

51 

34 

256 

199 

97 

49 

=.  3010303 

0.7 

0.5 

43.3 

4  2.0 

32 

65 

129 

286 

7i  i 

1  58 

;.  3010515 

10.5 

12.  1 

59.9 

00 .  1 

00 

60 

99 

75 

85 

199 

i'.  3011501 

3.7 

5.2 

17.0 

20.  1 

32 

47 

4  33 

515 

72 

55 

I.    3011807 

2.3 

3.6 

12.4 

17.4 

7 

29 

257 

407 

28 

00 

2.  3014308 

5.5 

0.  3 

37.9 

40.0 

39 

45 

2  57 

208 

58 

l()(i 

1.    4607224 

0.  5 

0.6 

53.7 

57.1 

34 

42 

159 

178 

67 

88 

S.  4607501 

7.0 

8.5 

50.4 

03.  5 

38 

40 

119 

122 

47 

77 

3.  4607311 

8.8 

10.5 

48.1 

55.5 

32 

53 

75 

55 

74 

79 

si.  4607401 

8.  1 

8.8 

55.3 

01  .0 

32 

28 

89 

67 

51 

4  8 

3!.  4607502 

7.8 

S.O 

07.2 

09.4 

55 

57 

164 

141 

91 

lis 

3i.  4007602 

1.7 

3.4 

11.5 

20.  1 
Inthinned 

5 
stands 

11 

217 

173 

11 

T  -) 

I  2503201 

11.5 

9.2 

47.2 

59.0 

53 

88 

76 

191 

02 

58 

2!|  2510227 

4.3 

4.4 

25.4 

~)~i    ~) 

98 

1 0(, 

977 

9  79 

118 

115 

3|  3016204 

1 

0.2 

7.8 

34.0 

47.5 

108 

98 

508 

295 

9  5 

95 

■Based   on    5    years    prcced  i  n.u   measurenient 
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Table  3.--  10-year   diameter   growth    (inches)    by   habitat    type   and   stand 


Forest 

Stand 

Habitat 

type 

Stand 

Habitat  type 

Unadjusted 

Adjusted^ 

Unadjusted 

Adjusted^ 

Pipo/Syal 

Bi  tterroot 

6 

0.57 

0.68  a 

0.57 

0.49 

Abgr/Pamy 

Flathead 

8 

1.45 

1.62  b 

2.24 

2.34 

Flathead 

9 

1.08 

1.17 

Kaniksu 

10 

.75 

1.18 

Kaniksu 

11 

1.42 

1.53 

Kaniksu 

13 

1.13 

1.20 

Kootenai 

14 

1.92 

1.65 

Flathead 

25 

1.76 

1.81 

Thpl/Famy 

Colville 

35 

1.51 

1.47  ab 

1.42 

1.50 

Colvil le 

32 

1.65 

1.59 

Psmc/Phma 

Lolo 

30 

2.41 

2.97  cd 

2.09 

2.44 

Colville 

33 

3.02 

2.81 

Tshe/Pamy 

Clearwater 

1 

2.69 

2.25  c 

6.14 

6.07 

Coeur  d'Alene 

2 

2.61 

2.58 

Coeur  d'Alene 

3 

1.66 

1.76 

Coeur  d'Alene 

4 

1.88 

1.82 

Clearwater 

5 

7.23 

7.05 

Kaniksu 

12 

1.81 

2.23 

Kootenai 

16 

2.10 

2.02 

Colville 

31 

2.03 

2.13 

Colville 

34 

1.73 

1.62 

Colville 

36 

3.25 

3.07 

Psme/Syal 

Kootenai 

15 

2.82 

2.49  cd 

4.00 

3.73 

Beaverhead 

22 

2.56 

2.76 

Abla/Vasc 

Lewis  5  Clark 

18 

3.45 

2.34  c 

2.21 

2.17 

Lewis  fi  Clark 

19 

2.20 

2.18 

Lewis  5  Clark 

20 

2.56 

2.53 

Gallatin 

27 

5.  73 

5.62 

Gallatin 

28 

5.  33 

5.23 

Psme/Caru-aruv 

Bitterroot 

7 

3.71 

2.99  d 

1.28 

1.63 

Kootenai 

17 

2.67 

2.42 

Lolo 

21 

1.27 

1.29 

Beaverhead 

23 

6.66 

6.60 

Abla/Pamy 

Flathead 

24 

3.77 

4.26  e 

3.44 

3.95 

Flathead 

26 

4.13 

4.15 

Kootenai 

29 

4.19 

4.37 

^Adjusted  for  initial  diameter  and  age.   Different  letters  indicate  significant 
differences.   (P  <  .05) 


The   adjusted   diameter   growth   means    for   tlie    irulivithial    stands   within    haliitat 
tyjK-s    had    a    large    amount    of   variation    (tahle    3).       The    stand    diameter   growt  li   ineairs 
in   the    Tshe/Pamy   h.t.,    ranged    from    1.62    to    7.05    inehes    (4.11    to    1 7 . 'J  1    cm).       in    tlie 
Psme/Caru-Aruv   h.t.,    adjusted   diameter   growth   means    ranged    from    1  .  J'.)    to   d.di)    inelies 
(3.28   to    16.7b   em).      'Ihe    stand   diameter   growth   means    in    tiie   otiiei-   iiabitat    types 
showed    similar   variation. 


Height  Growth 


As  with  diameter  growth,  height  growth  is  also  dependent  upon    tree  size  and  age. 

The  10-year  lieiglit  growth  means  were  adjusted  using  covariance  analysis  for  initial 

heiglit  and  age.   Tlie  growth  means  by  habitat  type  were  then  compared  using  S\S  least 
squares  mean  separation  procedure. 

The  Pipo/Sijal    li .  t .  had  the  smallest  10-year  heiglit  growth  mean,  4.02  ft  {1.23 
m)  .   The  Thpl/Pawy   h.t.  had  the  largest  height  growth  mean,  10  ft  (3.05  m)  (tal'le  1). 
Three  habitat  type  groups  were  distinguished  by  height  growth:   (1)  Pipo/S'ial;    (2) 
Abla/Pawy,    Psme/Sqal,    Pswe/Phma,    Ahgr/Pamy,    Tshe/Pamy,    Abla/Vasc]     (3)  Psme/Caru-Aruv , 
Thpl/Pamy . 

Within  each  habitat  type  there  is  a  wide  range  of  height  growth  means.   In  tlie 
Tshe/Pamy   habitat  type,  10-\'ear  adjusted  height  growth  ranged  from  2.34  ft  (0.71  iii ) 
to  a  maximum  of  14.18  ft  (4.32  m).   bikewise  in  the  Abgr/Pamy   habitat  type,  adjusted 
height  growth  means  ranged  from  1.43  ft  to  11.19  ft  (0.44  to  3.41  m). 

Stand  Yields 

Individual  tree  height  and  diameter  growth  characteristics  are  of  less  consequence 
to  forest  managers  than  stand  growth  characteristics.   Therefore,  we  proiected  each 
stand  into  the  future  using  a  prognosis  model  (Stage  1073).   This  procedure  produced 
36  local  yield  tables,  one  for  each  of  the  stands  in  the  study  (appendix  tables  5-40). 

In  reviewing  the  stand  jiroj ect ions  we  feel  most  of  them  are  realistic.   Ihcse 
projections  may  be  used  to  estimate  future  volumes  of  stands  of  similar  nature. 
Enough  information  is  provided  so  the  forest  manager  may  compare  his  stand  conditions 
and  descriptions  to  those  we  have  summarized. 

DISCUSSION 

A  study  of  this  type  produces  a  large  amount  of  information  that  can  be  used  in 
many  ways.   Si Iviculturists  can  predict  future  yields  of  stands  they  feel  are 
comparable.   Timber  management  planners  and  researchers  can  use  these  data  to  refine 
yield  predictions. 

This  study  encompasses  a  large  geographic  area  with  many  different  sites.   l-\en 
within  habitat  types  many  different  sites  exist  that  are  reflected  in  the  mean 
diameter  and  height  growths.   In  relation  to  habitat  types,  we  have  shown  a  wide 
range  of  growth  on  the  same  habitat  type.   Some  areas  and  habitat  types  we  expected 
to  have  poor  growth  proved  capable  of  excellent  diameter  and  height  growth,  especial 1>' 
on  the  central  Montana  forests. 


Table  4.--  10-year   height    growth    (feet)    by   habitat    type   and  stand 


Forest 

Stand 

Habitat 

type 

Stand 

Habitat  type 

Unadjusted 

Adjusted^ 

Unadjusted 

Adjusted^ 

Pipo/Syal 

Bitterroot 

6 

3.40 

4.02  a 

3.4 

3.  55 

Abla/Pamy 

Flathead 

24 

5.00 

6.67  ab 

3.3 

2.64 

Flathead 

26 

3.1 

3.62 

Kootenai 

29 

8.1 

7.39 

Psme/Phma 

Lolo 

30 

6.10 

7.23  abc 

2.6 

3.35 

Colville 

33 

12.5 

12.45 

Psme/Syal 

Kootenai 

15 

6.60 

6.77  ab 

13.7 

12.21 

Beaverhead 

22 

5.0 

3.40 

Abla/Vasc 

Lewis  5  Clark 

18 

7.00 

8.65  be 

8.3 

6.19 

Lewis  ^  Clark 

19 

8.1 

5.95 

Lewis  5  Clark 

20 

8.6 

6.26 

Gallatin 

27 

16.5 

14.69 

Gallatin 

28 

11.2 

9.09 

Abgr/Pamy 

Flathead 

8 

7.10 

7.48  abc 

10.7 

10.90 

Flathead 

9 

6.1 

5.36 

Kaniksu 

10 

7.4 

9.10 

Kaniksu 

11 

7.8 

7.71 

Kaniksu 

13 

5.7 

8.45 

Kootenai 

14 

11.9 

11.19 

Flathead 

25 

1.8 

1.45 

Tshe/Pamy 

Clearwater 

1 

8.80 

8,03  be 

10.6 

8.24 

Coeur  d'Alene 

2 

10.8 

10.86 

Coeur  d'Alene 

3 

10.8 

10.53 

Coeur  d'Alene 

4 

7.6 

8.50 

Clearwater 

5 

9.0 

9.05 

Kaniksu 

12 

3.0 

2.54 

Kootenai 

16 

7.8 

5.98 

Colville 

31 

14.0 

12.99 

Colville 

34 

13.9 

14.18 

Colville 

36 

13.6 

11.51 

Psme/Caru-aurv 

Bitterroot 

7 

10.00 

8.97  c 

6.2 

6.72 

Kootenai 

17 

13.0 

11.59 

Lolo 

21 

8.8 

7.75 

Beaverhead 

23 

10.0 

7.59 

Thpl/Pamy 

Colville 

32 

11.10 

10.00  c 

15.5 

1.58 

Colville 

35 

8.2 

9.18 

■^Adjusted  for  initial  height  and  age, 
differences,   (P  <  .05) 


Different  letters  indicate  significant 


Many  variables  influence  tree  growth,  niakini;  it  difficult  to  compare  tlie  .urowtli 
of  the  stands  and  the  habitat  types.   IVe  have  a  limited  sample  of  the  numerous  sitc>s 
available  in  the  stud>'  area.   Using  a  covariance  analysis,  with  btjth  tree  size  and 
age  as  covariates,  we  allowed  for  man\'  differences  that  exist  among  the  st.ands. 
These  comparisons  and  yield  tables  provide  a  reference  point  for  future  management 
activities  on  these  habitat  types. 
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APPENDIX 


Note:   For  all  yield  tables  in  tlie  appendix,  niCT'chantable 
volume  was  measured  to  a  4 -inch  top. 
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I'able  S. --Yield    table    for   Stand    1,    Clearwater    National    Forest, 
Pierce   Ranger    District ,    Section    b    Thinning 


Volume  per  acre 


Total   'terchantable   Scribner 
Age   Trees/acre   BA/acre   CCF     f t ^       f t  ^ bj.ft.    Accretion   ^lortality   x  J.b.h.   x  height 

Ft-  Ft^         /-'t  '       Inches  Feet 


21 

2  33 

8 

30 

59 

0 

0 

19 

1 

2.4 

13.  1 

31 

184 

18 

49 

2  36 

50 

0 

33 

3 

4.2 

24.5 

41 

158 

30 

65 

5  3S 

432 

170 

47 

6 

5.9 

34.9 

51 

141 

4  3 

79 

946 

854 

1,72b 

69 

7 

7.5 

45.4 

61 

129 

bl 

96 

1,564 

1  ,444 

5,086 

8  3 

9 

9 .  3 

56.0 

71 

121 

79 

112 

2 ,  309 

2,174 

8,756 

106 

12 

10.9 

66.0 

81 

115 

99 

128 

3,242 

3,079 

13,487 

137 

17 

12.6 

75.7 

91 

109 

123 

145 

4,437 

4,  192 

19,240 

137 

24 

14.4 

84.8 

101 

103 

143 

159 

5,571 

5,236 

24,361 

168 

30 

16.0 

93.  3 

111 

98 

168 

176 

6,951 

6,485 

30,609 

176 

38 

17.7 

101.2 

121 

93 

191 

190 

8,335 

7,695 

36,367 

0 

0 

19.4 

108.6 

Table  6. --Yield    table    for   Stand   2,    Coeur   d'Alene   National    Forest, 
Wallace    Ranger   District ,    Berlin    Gulch 


Volume  per  acre 


Total   Merchantable   Scribner 

Kge       Trees/acre   BA/acre   CCF ft  ^ ft  ^ bd.ft.  Accretion  Mortality   x  d.b.h.  x  height 

Ft-^  Ft  3  Ft^                 Inches  Feet 

51     101        54       81    1,538     1,293       4,427  142  9        9.9  56.4 

61      94        88      111    2,859     2,431      10,163  177  17  13.0  69.9 

71      89       122      138    4,460     3,782      17,265  203  27  15.9  82.2 

81      84       155      160    6,219     5,234      24,864  230  39  18.4  93.7 

91      79       188      181    8,129     6,781      32,995  243  52  20.9  104.3 

101      74       219      201    10,039     8,305      40,997  260  65  23.3  114.1 

111      69       250      225    11,981     9,868      49,217  263  80  25.8  123.1 

121      65       280      247    13,817    11,363      57,008  247  94  28.2  131.3 

131      61       304      264    15,350     12,656      63,693  232  106  30.3  138.8 

141      56       324      279    16,607     13,785      69,402  221  117  32.4  145.7 

151      53       341      290    17,642     14,773      74,281  0  0  34.4  152.0 

Table  7 . --Yield    table   for   Stand   3,    Coeur   d'Alene   National    Forest, 
Wallace   Ranger   District    Cabin   Creek 

Volume  per  acre 


Total  ^terchantable   Scribner 
Trees/acre   BA/acre   CCF    f  t  ^ ftj bd.ft.    Accretion  Mortality  x  d.b.h.   x  height 

Ft ^  Inches  Feet 

15  7.7  51.4 

21  9.8  63.5 

31  11.7  74.6 

43  13.3  84.7 

56  14.9  94.0 

71  16.4  102.5 

86  17.8  110.3 

100  19.1  117.5 

113  20.4  124.1 

125  21.6  130.2 

0  22.7  135.9 


Ft-- 

Ft' 

50 

260 

84 

130 

2,020 

1,670 

3,567 

172 

60 

239 

125 

162 

3,591 

3,094 

10,830 

210 

70 

224 

167 

189 

5,484 

4,787 

19,565 

229 

80 

211 

203 

214 

7,465 

6,530 

29,149 

261 

90 

200 

241 

243 

9,650 

8,450 

39,645 

288 

100 

188 

277 

270 

11,965 

10,414 

50,280 

286 

110 

178 

308 

292 

14,112 

12,209 

59,954 

288 

120 

167 

334 

311 

16,138 

13,873 

69,344 

286 

130 

158 

357 

327 

18,002 

15,401 

77,899 

282 

140 

148 

377 

339 

19,694 

16,781 

85,590 

272 

150 

139 

393 

349 

21,163 

17,974 

92,360 

0 

15 


Table  8. --yield  table   for  Stand   4,    Coeur   d'Alene   National    Forest, 
Wallace   Ranger  District,    Little   Haystack 


Volume  per  acre 

Total 

Merchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft3 

Ft  3 

Inches 

Feet 

50 

219 

106 

149 

3,041 

2,689 

7,566 

229 

19 

9.4 

64.0 

60 

205 

156 

183 

5,143 

4,570 

17,780 

259 

29 

11.8 

75.6 

70 

194 

203 

213 

7,444 

6,595 

28.617 

266 

43 

13.8 

85.7 

80 

183 

241 

241 

9,672 

8,511 

38,798 

289 

58 

15.5 

94.7 

90 

172 

278 

267 

11,979 

10,454 

48.948 

311 

76 

17.2 

102.9 

100 

162 

314 

292 

14,333 

12,350 

58,972 

308 

97 

18.9 

110.4 

110 

151 

343 

311 

16,444 

13,985 

67,465 

300 

117 

20.4 

117.3 

120 

140 

366 

326 

18,275 

15,371 

74,631 

289 

135 

21.9 

123.8 

130 

130 

384 

335 

19,816 

16,493 

80,179 

291 

148 

23.3 

129.9 

140 

120 

400 

345 

21,251 

17,533 

85,170 

266 

161 

24.7 

135.6 

150 

110 

410 

349 

22,301 

18,269 

88.368 

0 

0 

26.1 

141.1 

Table 

9.-- 

Yield   table   for  Stand 

5,  Clearwater   National    Forest, 

Loch 

\sa   Ranger  Dis 

;trict,    Big 

Hill 

Volume  per  acre 

Total 

Merchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd . f t . 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft  3 

Ft  3 

Inches 

Feet 

39 

62 

36 

51 

863 

851 

3,015 

181 

5 

10.3 

58.5 

49 

59 

96 

97 

2,623 

2,512 

10,191 

244 

13 

17.2 

75.6 

59 

56 

160 

138 

4.930 

4,432 

13.980 

271 

26 

22.9 

88.0 

69 

53 

219 

166 

7,372 

6,168 

14,077 

316 

42 

27.5 

98.1 

79 

50 

280 

192 

10,110 

7,859 

12,231 

351 

62 

32.0 

106.8 

89 

47 

339 

220 

13,008 

9,433 

10,116 

341 

85 

36.3 

114.3 

99 

44 

386 

244 

15,572 

10,540 

8,622 

362 

108 

39.9 

120.8 

109 

42 

430 

265 

18,116 

11,407 

9,432 

359 

135 

43.6 

126.7 

119 

39 

466 

282 

20,356 

11,941 

14,450 

349 

161 

46.9 

132.0 

129 

36 

492 

293 

22,231 

12,158 

24,537 

319 

188 

50.0 

136.8 

139 

33 

506 

298 

23,547 

12,042 

39,216 

0 

0 

52.6 

141.2 

Table  10. --yield  taile  for   Stand   6,    Bitterroot    National    Forest, 
Stevensville   Ranger.  District ,    Sweeny   Creek 


vo: 

Lume  per  acre 

Total 

Merchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft  3 

Ft  3 

Inches 

Feet 

85 

191 

88 

95 

1,964 

1,486 

4,790 

38 

11 

9.2 

39.0 

95 

177 

95 

98 

2,234 

1,709 

5,689 

40 

14 

9.9 

45.6 

105 

165 

98 

98 

2.493 

1,930 

6,771 

41 

16 

10.4 

50.9 

115 

154 

100 

99 

2,743 

2,142 

7,815 

43 

18 

10.9 

55.9 

125 

143 

102 

99 

3,000 

2,361 

9.029 

42 

20 

11.4 

60.5 

135 

133 

103 

98 

3,217 

2,547 

10,220 

42 

21 

11.9 

64.7 

145 

124 

105 

98 

3,419 

2,721 

11,377 

39 

23 

12.5 

68.6 

155 

115 

105 

97 

3,579 

2,860 

12,362 

38 

24 

12.9 

72.2 

165 

107 

105 

96 

3,725 

2,987 

13,273 

37 

24 

13.4 

75.4 

175 

100 

104 

95 

3,849 

3,094 

14,130 

33 

25 

13.8 

78.4 

185 

93 

103 

93 

3.932 

3,168 

14,779 

0 

0 

14.2 

81.2 

14 


Table  11. --Yield   table   for  Stand   7,    Bitterroot   National    Forest, 
West   Fork  Ranger  District,    Water   Tank   Sale 


Vol 

ume  per 

acre 

Total 

Mer 

chantabl 

e  Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft3 

Ft  3 

Inches 

Feet 

205 

109 

46 

52 

1,437 

1,147 

4,385 

40 

7 

8.8 

37.1 

215 

100 

53 

59 

1,765 

1,424 

6,018 

51 

8 

9.9 

46.4 

225 

94 

65 

68 

2,198 

1,764 

8,026 

50 

9 

11.3 

5  7.3 

235 

89 

72 

73 

2,6C6 

2,109 

10,010 

54 

11 

12.2 

64.2 

245 

85 

79 

77 

3,040 

2,476 

12,056 

59 

13 

13.1 

70.8 

255 

81 

87 

82 

3,503 

2,869 

14,246 

58 

15 

14.1 

76.6 

265 

77 

93 

85 

3,939 

3,238 

16,367 

59 

16 

14.9 

81.9 

275 

74 

99 

89 

4,368 

3,605 

18,741 

63 

18 

15.7 

86.6 

285 

71 

106 

92 

4,820 

3,994 

21,261 

61 

20 

16.6 

90.9 

295 

68 

111 

95 

5,232 

4,351 

23,615 

63 

22 

17.3 

94.9 

305 

65 

116 

97 

5,642 

4,700 

25,804 

0 

0 

18.1 

98.5 

Table  12. --yieid  table   for   Stand   8,    Flathead   National    Forest, 
Swan    Lake   Ranger   District ,    Bear   Creek 


Vol 

ume  per 

acre 

Total 

Merchantabl 

e 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft- 

Ft3 

Ft  3 

Inches 

Feet 

65 

131 

73 

96 

1,772 

1,628 

5,224 

121 

8 

10.1 

58.3 

75 

124 

106 

118 

2,896 

2,696 

10,086 

130 

13 

12.5 

69.3 

85 

118 

136 

134 

4,064 

3,712 

15,210 

134 

18 

14.5 

78.1 

95 

113 

163 

148 

5,224 

4,644 

19,640 

147 

23 

16.2 

85.5 

105 

109 

189 

160 

6,465 

5,567 

23,779 

163 

29 

17.9 

92.0 

115 

104 

218 

172 

7,809 

6,490 

27,686 

162 

36 

19.5 

97.8 

125 

100 

242 

182 

9,074 

7,296 

30,906 

166 

43 

21.0 

1  02  . 9 

135 

96 

265 

193 

10,310 

8,010 

33,408 

165 

50 

22.4 

107.5 

145 

93 

284 

203 

11,460 

8,635 

35,476 

175 

57 

23.7 

111.8 

155 

89 

304 

213 

12,646 

9,218 

37,187 

167 

64 

25.1 

115.6 

165 

85 

320 

220 

13,676 

9,648 

38,136 

0 

0 

26.2 

119.1 

Tabl 

e  13. 

--Yield    t 

abl 

e  for   Stand   9,    Flath 

ead   National 

Forest , 

Gl 

acier    Vi 

ew 

Ranger   Di 

strict.    Cedar   Flats 

1 

Vol 

ume  per 

acre 

Total 

Merchantabl 

e 

Scribner 

'  Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortal! ty 

X  d.b.h. 

X  height 

Ft2 

Ft' 

Ft' 

Inches 

Feet 

48 

101 

25 

39 

532 

381 

306 

30 

5 

6.7 

4  0.6 

1   58 

91 

32 

46 

781 

609 

1,358 

35 

6 

8.0 

47.9 

68 

84 

38 

52 

1.075 

837 

2,681 

39 

7 

9.1 

54.9 

78 

78 

45 

58 

1,393 

1,058 

4,035 

45 

8 

10.2 

()  1 . 5 

88 

74 

52 

64 

1,756 

1,293 

5,110 

52 

11 

11.3 

6  7.8 

98 

69 

59 

69 

2,160 

1,542 

6,193 

52 

16 

12.5 

73.7 

108 

65 

64 

73 

2,519 

1,752 

6,993 

54 

23 

13.5 

79.4 

118 

59 

68 

76 

2,836 

1,922 

7,561 

54 

32 

14.5 

84.7 

128 

53 

69 

76 

3,058 

2,021 

7,777 

53 

43 

15.4 

89.  7 

138 

47 

68 

74 

3,159 

2,034 

7,615 

48 

56 

16.3 

94.4 

148 

40 

64 

70 

3,082 

1,932 

6,998 

0 

n 

n.: 

98.8 

15 


Table  14. --Yield  table  for  Stand  10,    Kaniksu  National   Forest, 
Trout   Creek  Ranger  District,    Pine  Ridge 


Voli 

lime  per 

acre 

Total 

Mer^ 

chantabl 

e  Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

ft2 

Ft  3 

Ft3 

Inches 

Feet 

84 

249 

147 

171 

5,039 

4.435 

18,338 

104 

27 

10.4 

85.3 

94 

236 

159 

173 

5,815 

5,134 

22,708 

108 

30 

11.1 

91.3 

104 

224 

171 

178 

6,595 

5,845 

27,122 

100 

34 

11.9 

96.8 

114 

212 

180 

181 

7,259 

6,454 

30,937 

110 

38 

12.5 

101.9 

124 

202 

190 

185 

7.977 

7,140 

35,125 

107 

44 

13.1 

106.7 

134 

192 

198 

188 

8,609 

7,763 

38,946 

103 

50 

13.8 

111.1 

144 

182 

204 

189 

9,138 

8,288 

41,975 

108 

56 

14.4 

115.2 

154 

172 

210 

191 

9,658 

8,807 

45,006 

107 

63 

15.0 

119.0 

164 

162 

215 

191 

10,097 

9,258 

47,505 

94 

67 

15.6 

122.6 

174 

153 

217 

189 

10,373 

9,554 

49,434 

99 

68 

16.1 

126.0 

184 

145 

220 

188 

10,678 

9,897 

51,568 

0 

0 

16.7 

129.3 

Tabl 

e  15. 

--Yield   tabl: 

e  for   St 

.and   11,    Kan  J 

[ksu 

National    Forest, 

Trout   Creek 

Ranger 

District,    Larch 

Creek 

Vol 

ume  per 

acre 

Total 

Merchantabl 

e  Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft^ 

Ft3 

Ft  3 

Inches 

Feet 

55 

192 

61 

110 

1.355 

1,083 

1,995 

87 

10 

7.6 

52.2 

65 

177 

84 

124 

2,124 

1,835 

5,593 

98 

12 

9.3 

63.1 

75 

166 

106 

137 

2,987 

2,649 

10,163 

101 

14 

10.8 

72.6 

85 

158 

126 

147 

3,855 

3,463 

15.074 

111 

18 

12.1 

80.9 

95 

150 

146 

156 

4,789 

4,343 

20,311 

120 

22 

13.3 

88.3 

105 

143 

166 

165 

5,769 

5,276 

25,816 

126 

27 

14.6 

94.9 

115 

136 

185 

173 

6,755 

6,224 

31,491 

132 

32 

15.8 

100.8 

125 

130 

203 

181 

7,753 

7,187 

37,341 

128 

37 

16.9 

106.2 

135 

124 

219 

188 

8,658 

8,049 

42,652 

131 

42 

18.0 

111.1 

145 

118 

233 

195 

9,543 

8,889 

47.979 

130 

47 

19.0 

115.6 

155 

112 

246 

200 

10,367 

9,663 

52,978 

0 

0 

20.1 

119.8 

Table 

16.- 

-Yield   ta 

i23Je 

for  Stand   12,    Kani, 

ksu 

National    Forest, 

Trout   Creek 

Ranger 

District ,    Haines   Point 

Vol 

ume  per 

acre 

Total 

Merchantabl 

e   Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd . f t . 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft^ 

Ft  3 

Ft  3 

Inches 

Feet 

60 

286 

48 

78 

1.013 

565 

604 

145 

11 

5.6 

40.3 

70 

254 

87 

112 

2.352 

1,991 

3,741 

148 

18 

7.9 

55.4 

80 

234 

117 

134 

3,652 

3,164 

12,855 

165 

24 

9.6 

64.7 

90 

219 

145 

151 

5,057 

4,343 

19,983 

193 

35 

11.0 

73.2 

100 

205 

173 

168 

6,637 

5,663 

27,633 

212 

60 

12.4 

81.1 

110 

190 

196 

179 

8,159 

6.944 

34,889 

209 

107 

13.8 

88.4 

120 

171 

206 

183 

9,182 

7.767 

39,640 

198 

165 

14.9 

95.3 

130 

149 

200 

175 

9,503 

8,013 

41,343 

169 

215 

15.7 

101.8 

140 

125 

181 

157 

9,039 

7,618 

39,586 

166 

223 

16.3 

108.0 

150 

103 

162 

144 

8,464 

7,080 

36,909 

129 

258 

17.0 

114.2 

160 

81 

133 

121 

7,175 

6,008 

31,483 

0 

0 

17.3 

120.3 

16 


Table  17 .--Yield   table   for   Stand   13,    Kaniksu   N.itional    Forest, 
Noxon   Ranger   District ,    Squaw   Peak 


Vol 

ume  per  acre 

Total 

Merchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft  3 

Ft' 

I nchas 

Feet 

85 

91 

91 

99 

3,681 

3,402 

18,079 

67 

18 

13.5 

65.5 

95 

86 

100 

104 

4,168 

3,865 

20,901 

68 

21 

14.6 

71.9 

105 

81 

109 

108 

4,636 

4,297 

23,677 

66 

23 

15.6 

78.2 

115 

77 

116 

112 

5,062 

4,677 

26,099 

71 

26 

16.6 

84.5 

125 

73 

124 

117 

5,513 

5.064 

28,589 

73 

28 

17.0 

90.9 

135 

70 

132 

120 

5,959 

5,484 

31,073 

73 

31 

18.6 

96.6 

145 

66 

138 

122 

6,378 

5,873 

33,414 

70 

34 

19.5 

101.9 

155 

03 

143 

124 

6,743 

6,214 

35,390 

7  3 

36 

20.4 

106.9 

165 

60 

148 

125 

7,114 

6,559 

37,482 

73 

39 

21.2 

111.4 

175 

57 

153 

127 

7,455 

6,879 

39,494 

73 

41 

22.1 

115.6 

185 

55 

157 

128 

7,770 

7,175 

41,339 

0 

0 

2  2.9 

119.5 

Table 

18.- 

-Yield    table 

for   Stand 

14,    Kootenai    National 

Forest , 

Libby 

Ran 

ger   District ,    Granite 

■  Creek 

Vol 

ume  per  acre 

Total 

Merchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd . ft . 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft' 

Ft' 

Inches 

Feet 

37 

113 

45 

54 

872 

599 

1,180 

80 

5 

8.5 

38.7 

47 

105 

63 

69 

1,625 

1,219 

3,629 

92 

8 

10.5 

54.3 

57 

99 

80 

81 

2,464 

1,877 

7,263 

99 

12 

12.1 

65.0 

67 

94 

94 

91 

3,335 

2,531 

10,901 

112 

16 

13.5 

74.4 

77 

90 

109 

100 

4,287 

3,217 

14,724 

118 

22 

14.9 

82.8 

87 

85 

122 

107 

5,255 

3,913 

18,528 

127 

26 

16.2 

90.4 

97 

81 

136 

115 

6,266 

4,638 

22,396 

130 

31 

17.5 

97.2 

107 

77 

149 

121 

7,260 

5,355 

26,561 

129 

36 

18.8 

103.5 

i  11^ 

73 

160 

127 

8,198 

6,039 

30,674 

127 

44 

20.  1 

109.4 

i  127 

68 

168 

130 

9,035 

6,658 

34,509 

129 

55 

21.3 

114.9 

137 

63 

175 

132 

9,784 

7,231 

38,44  3 

0 

0 

22.6 

120.4 

Table  19. --yield  table   for   Stand   15,    Kootenai    National    Forest, 
Rexford  Ranger   District ,    Alkali    Lake 


Vo 

lume  per  acre 

Total 

Me 

rchantable 

Scribner 

\ge 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

1 

Ft2 

Ft' 

Ft  3 

Inches 

Feet 

24 

55 

16 

20 

198 

129 

0 

60 

1 

7  .  3 

31.1 

34 

50 

32 

34 

782 

586 

1,741 

85 

3 

10.8 

56.4 

44 

48 

48 

47 

1,597 

1,207 

5,214 

95 

6 

13.5 

7  3 .  0 

54 

46 

62 

58 

2,484 

1,865 

8,715 

104 

10 

15.7 

85.5 

64 

44 

75 

67 

3,421 

2,560 

12,337 

108 

14 

17.7 

95.6 

74 

42 

87 

75 

4,356 

3,275 

16,771 

132 

18 

19.5 

104.0 

84 

40 

102 

84 

5,496 

4,150 

22,519 

123 

23 

21.6 

111.2 

94 

38 

114 

91 

6,494 

4,917 

27,947 

126 

28 

2  3.4 

117.4 

104 

37 

126 

97 

7,482 

5,671 

33,431 

135 

32 

25.1 

12  2.9 

114 

35 

137 

103 

8,511 

6,447 

39,329 

126 

37 

26.8 

127.7 

124 

33 

147 

107 

9,406 

7.114 

44,620 

0 

0 

28.4 

132.1 

17 


Table  20. --Yield  table  for  Stand   16,    Kootenai   National   Forest, 
Troy   Ranger   District ,    Cheer   Creek 


Age   Trees/acre  BA/acre   CCF 


Total 
ft  3 


Volume  per  acre 


Merchantable 

ft  3 


Scribner 
bd . f t . 


Accretion  Mortality   x  d.b.h. 


Ft' 


Ft' 


Ft' 


Inches 


Feet 


25 

200 

11 

34 

117 

0 

0 

18 

2 

3.2 

20.9 

35 

167 

20 

46 

273 

56 

0 

26 

3 

4.6 

29.9 

45 

146 

30 

57 

498 

353 

0 

32 

5 

6.1 

38.5 

55 

131 

38 

66 

762 

689 

137 

38 

7 

7.3 

46.6 

65 

119 

46 

73 

1,071 

1,032 

1,110 

48 

9 

8.4 

54.6 

75 

109 

56 

81 

1,455 

1,391 

2,654 

51 

14. 

9.7 

62.4 

85 

99 

63 

87 

1,823 

1,705 

3,813 

61 

19 

10.8 

69.8 

95 

90 

71 

93 

2,247 

2,040 

4,937 

60 

24 

12.0 

76.9 

105 

81 

76 

97 

2,609 

2,299 

5,650 

61 

27 

13.1 

83.5 

115 

74 

81 

100 

2,956 

2,529 

6,159 

66 

30 

14.2 

89.8 

125 

67 

86 

103 

3,321 

2,763 

6,544 

0 

0 

15.3 

95.7 

Table 

21.- 

-Yield   table 

for  Stand 

17,    Kootenai 

National 

Forest , 

War  1  ana 

;  Ranger   District,    Cripple 

Horse 

Vol 

ume  per  acre 

Total 

Mer 

chant able 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft.    Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft' 


Ft' 


Ft' 


Inches 


Feet 


35 

159 

50 

63 

776 

497 

676 

130 

5 

7.6 

32.3 

45 

146 

86 

90 

2,023 

1,466 

3,549 

161 

9 

10.4 

53.9 

55 

139 

118 

110 

3,540 

2,626 

9,932 

173 

14 

12.5 

68.6 

65 

133 

145 

126 

5,130 

3,824 

16,946 

191 

20 

14.2 

79.6 

75 

128 

173 

140 

6,839 

5,095 

24,106 

193 

27 

15.7 

88.6 

85 

123 

197 

151 

8,492 

6,321 

31,001 

203 

34 

17.1 

95.8 

95 

118 

220 

162 

10,179 

7,577 

38,213 

196 

41 

18.5 

101.9 

105 

113 

241 

170 

11,727 

8,740 

45,295 

192 

48 

19.8 

107.1 

115 

108 

258 

178 

13,167 

9,829 

52,347 

187 

54 

20.9 

111.6 

125 

104 

274 

185 

14,495 

10,829 

58,946 

175 

60 

22.0 

115.6 

135 

100 

285 

191 

15,643 

11,698 

64,866 

0 

0 

22.9 

119.2 

Table  22. --yieid  table   for  Stand   18,    Lewis   and  Clark   National    Forest, 
White   Sulphur  Springs   Ranger   District ,    Deadman   it  3 


Vol 

ume  per  acre 

Total 

Mer 

chantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft3 

ft  3 

Inches 

Feet 

24 

380 

22 

49 

182 

0 

0 

55 

3 

3.2 

15.6 

34 

318 

45 

76 

702 

272 

0 

56 

8 

5.1 

29.8 

44 

281 

61 

90 

1,177 

879 

0 

42 

12 

6.3 

37.6 

54 

254 

68 

95 

1,481 

1,237 

458 

47 

13 

7.0 

42.4 

64 

231 

76 

100 

1,822 

1,591 

3,124 

52 

IS 

7.8 

46.9 

74 

212 

85 

105 

2,198 

1,951 

6,737 

55 

16 

8.6 

51.1 

84 

197 

93 

110 

2,586 

2,295 

9,627 

59 

16 

9.3 

55.1 

94 

184 

102 

116 

3,007 

2,642 

11,862 

65 

18 

10.1 

58.9 

104 

173 

111 

122 

3,478 

3,026 

14,108 

65 

21 

10.9 

62.4 

114 

163 

120 

127 

3,921 

3,388 

16,269 

64 

25 

11.6 

65.7 

124 

153 

127 

130 

4,319 

3,716 

18,198 

0 

0 

12.3 

68.8 

Table  23. --Yield    table    for   Stand    19,    Lewis    and   Clark    National    Forest, 
White   Sulphur   Springs   Ranger   Distr ict ,    Deadman    fJ 


rrees/acre   BA/acre   CCF 


Volume  per  acre 


Total   ^lerchantable   Scribner 


f  3 


ft 


bd . ft . 


\ccretioii   Mortality   x  il.li.h.   x  hcit;ht 


Ft- 


Ft 


Inches 


Fort 


24 

340 

16 

40 

151 

0 

0 

46 

■) 

2.9 

1  4  .  S 

34 

281 

37 

65 

56  7 

277 

0 

59 

7 

4  .  9 

29.  1 

44 

248 

54 

82 

1,087 

975 

103 

41 

1  1 

6  .  3 

58.8 

54 

223 

62 

88 

1  ,587 

1,374 

75  3 

46 

12 

7.  I 

4  3 .  8 

64 

204 

70 

95 

1,720 

1,772 

5,607 

55 

14 

7.9 

48.5 

74 

187 

79 

100 

2,111 

2,117 

6,674 

55 

15 

S.8 

52.9 

84 

174 

88 

105 

2,497 

2,458 

9 ,  50 1 

59 

15 

9  .  6 

5  7.0 

94 

163 

97 

111 

2,954 

2,830 

11,736 

62 

17 

10.4 

61).  9 

104 

154 

106 

117 

3,385 

2,993 

15,956 

68 

21 

11.3 

64.5 

114 

145 

116 

125 

3,859 

3,343 

16,225 

65 

26 

12.1 

(>7.9 

124 

136 

125 

126 

4,251 

3,670 

18,154 

0 

0 

1  2  .  9 

■:'  1  .  0 

Table  24. --Yield    table    for   Stand   20,    Lewis    and   Clark    National    Fi-,r>:-st  , 
White   Sulphur   Springs    Ranger   District ,    Deadman    til 


Volume  per 

acre 

Total 

Mcrchantabl 

c   Scribner 

\ge 

Trees/acre 

BA/acre 

CCF 

ft^ 

ft  3 

bd . ft . 

Accretion 

"lortal  i  tv 

X  d.b.h. 

X  height 

Ft2 

Ft  3 

Ft  '' 

Inches 

Feet 

23 

500 

12 

54 

97 

0 

0 

51 

1 

2.8 

15.1 

33 

245 

27 

50 

386 

140 

0 

51) 

5 

4.5 

26.0 

43 

213 

43 

67 

834 

578 

85 

41 

8 

6.  1 

57.6 

53 

191 

52 

75 

1,159 

963 

515 

4  5 

10 

7.  1 

4  5 .  7 

63 

174 

60 

82 

1,487 

1,503 

2,781 

47 

12 

8.1) 

4  8.7 

73 

160 

69 

87 

1,855 

1,627 

6,251 

51 

15 

8  .  9 

5  5 .  2 

83 

149 

77 

94 

2,225 

1,960 

8,558 

5  3 

14 

9.  7 

57.5 

93 

140 

86 

99 

2,621 

2,288 

10,591 

61 

15 

10. (, 

6  1  .  5 

103 

152 

95 

106 

5,072 

2,657 

12,678 

6  5 

19 

11.5 

6  5.2 

.113 

124 

104 

111 

5,508 

5,020 

14,798 

67 

24 

12.  1 

68.7 

123 

115 

111 

116 

5,956 

5,579 

16,872 

0 

1) 

1  5 .  5 

"2.11 

Table  25 . --Yield    table    for   Stand   21,    Lola   National    Forest. 
Missoula   Ranger   District ,    Teepee   Creek 


Vo 

ume  per 

ac 

re 

Total 

■^lerchantabl 

e 

Scribner 

ge 

Tr 

ees/acre 

BA/acre 

CCF 

ft  3 

ft^ 

bd.ft  . 

Ace ret  ion 

Mortal itv 

X  d.b.h. 

X  he 

i;ht 
■t 

Ft-' 

Ft  ' 

Ft  ' 

Inclh-:; 

/-v., 

49 

979 

106 

188 

1  ,676 

1,012 

1,497 

1  15 

15 

1  .  1 

2  2.2 

59 

811 

146 

204 

2,657 

1,747 

5,220 

127 

51 

^, 

7 

2'.'^ 

S 

69 

657 

175 

210 

5,618 

2,511 

5,675 

117 

51 

T 

1) 

^^ 

S 

79 

525 

182 

199 

4,275 

5,145 

8,490 

115 

(i5 

8 

(1 

15 

r^ 

89 

425 

182 

186 

4,775 

5,644 

11  ,272 

114 

7  5 

8 

') 

52 

2 

99 

546 

181 

174 

5,  185 

4,056 

14,008 

105 

^7 

<) 

S 

58 

2 

109 

288 

177 

162 

5,460 

4,554 

16,420 

102 

T'S 

11) 

(> 

(i5 

r 

119 

244 

172 

155 

5,702 

4,573 

18,584 

91) 

■^7 

1  1 

1 

(.8 

1 

129 

208 

165 

147 

5,825 

4,710 

20,206 

S9 

74 

1  2 

1 

-  "> 

4 

139 

179 

161 

141 

5,971 

4,849 

21  ,691 

82 

"2 

1  2 

s 

"(> 

5 

149 

156 

156 

154 

6,06  8 

4,946 

22,916 

0 

0 

■  -^ 

5 

81) 

"" 

19 


Table  26. --Yield  table  for  Stand  22,    Beaverhead  National   Forest, 
Dillon   Ranger   District,    Dinner   Station 


Volume  per  acre 


Age   Trees/acre  BA/acre   CCF 


Total  Merchantable  Scribner 
ft^ ft^ bd.ft.   Accretion  Mortality  x  d.b.h. 


X  height 


Ft' 


Ft' 


Ft 


Inches 


Feet 


45 

370 

46 

78 

600 

191 

103 

141 

1 

4.8 

24.3 

55 

325 

98 

126 

1,934 

1,604 

3,596 

201 

15 

7.4 

38.0 

65 

297 

156 

169 

3,789 

3,357 

13,570 

241 

26 

9.8 

47.8 

75 

278 

210 

201 

5,946 

5,216 

24,470 

290 

49 

11.8 

56.2 

85 

258 

262 

238 

8,350 

7,248 

35,982 

300 

111 

13.6 

63.5 

95 

233 

294 

259 

10,243 

8,793 

44,573 

272 

223 

15.2 

69.8 

105 

199 

289 

250 

10,733 

9,117 

46,605 

255 

300 

16.3 

74.9 

115 

162 

262 

224 

10,279 

8,711 

45,009 

237 

340 

17.2 

79.5 

125 

125 

225 

190 

9,250 

7,775 

40,275 

186 

346 

18.2 

83.8 

135 

89 

178 

149 

7,645 

6,362 

33,047 

125 

355 

19.1 

88.0 

145 

58 

120 

107 

5,347 

4,444 

23,175 

0 

0 

19.5 

91.5 

Table 

27.-- 

Yield   table 

for   Stand 

23,    Beave 

rhead  Nations 

iJ  Forest, 

Wisdom 

Ran 

\ger   Distri 

ct.    Tie   Creek 

Burn 

Vol 

ume  per  acre 

Total 

Merchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd . f t . 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft' 


Ft' 


Ft' 


Inches 


Feet 


17 

280 

5 

29 

35 

0 

0 

17 

1 

1.9 

9.5 

27 

211 

14 

34 

197 

14 

0 

37 

3 

3.5 

22.2 

37 

176 

27 

47 

531 

326 

0 

46 

6 

5.3 

35.8 

47 

156 

39 

59 

927 

746 

264 

37 

9 

6.8 

45.8 

57 

142 

47 

66 

1,212 

1,053 

1,879 

42 

10 

7.8 

50.6 

67 

130 

55 

73 

1,539 

1,364 

4,987 

52 

11 

8.8 

55.2 

77 

121 

65 

80 

1,948 

1,712 

7,513 

53 

12 

9.9 

59.7 

87 

114 

74 

87 

2,359 

2,047 

9,607 

59 

14 

10.9 

64.0 

97 

107 

83 

93 

2,807 

2,417 

11,732 

62 

19 

11.9 

68.1 

107 

100 

91 

99 

3,243 

2,780 

13,813 

68 

25 

12.9 

72.1 

117 

93 

98 

103 

3,676 

3,145 

15,906 

0 

0 

13.9 

75.8 

Table 

28. --yi 

eld 

table   for 

Stand   24, 

Fla 

thead   i 

National 

Forest , 

Gl 

acier   View 

Ranger   District , 

Camas 

Creek 

Voli 

ume  per 

acre 

Total 

Merchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality  x 

d.b.h. 

x  height 

Ft' 


Ft' 


Ft' 


Inches 


Feet 


65 

199 

34 

51 

722 

385 

0 

49 

8 

5.6 

39.4 

75 

177 

45 

67 

1,130 

829 

424 

36 

10 

6.8 

47.8 

85 

161 

51 

72 

1,386 

1,071 

1,974 

37 

11 

7.6 

52.2 

95 

148 

56 

76 

1,640 

1,281  • 

3,535 

41 

12 

8.4 

56.5 

105 

137 

62 

80 

1,930 

1,493 

4,876 

43 

13 

9.1 

60.6 

115 

128 

68 

84 

2,232 

1,696 

6,182 

47 

14 

9.9 

64.6 

125 

120 

74 

88 

2,565 

1,908 

7,341 

51 

16 

10.6 

68.5 

135 

112 

80 

92 

2,919 

2,127 

8,339 

50 

20 

11.4 

72.2 

145 

105 

84 

94 

3,221 

2,301 

9,215 

51 

24 

12.1 

75.8 

155 

98 

87 

96 

3,494 

2,449 

9,776 

54 

30 

12.8 

79.2 

165 

91 

90 

97 

3,733 

2,566 

10,125 

0 

0 

13.5 

82.5 

20 


Tabic  29.--rieid  table    for   Stand   2b,    Flathead   :iatu>nal    F.^t.^r.t, 
i:iac2ur    View   Hanger    Di  str  ii.-t  ,    Cfdar    /'i.jf.s 


Trees/acre   BA/acre 


CCI 


3 


Volunie   per   acre 


Total      ^lorchantable      Scribner 


t 


bd . ft . 


Accretion      '^1ortalit\'       \    d.b.h.       ,\    heirht 


Ft- 


liu-!i'--t 


48 

2  86 

65 

95 

1  ,418 

968 

8  54 

1  5H 

14 

6 

5 

12 

0 

58 

2  58 

101 

125 

2  ,66  2 

2,055 

5,564 

159 

19 

S 

n, 

51 

8 

68 

2  59 

156 

147 

4,062 

5,07  1 

10,80  5 

17S 

26 

1) 

2 

59 

H 

78 

224 

167 

166 

5,575 

4,06  2 

15,82  5 

196 

12 

1 

;■ 

(i7 

'1 

88 

209 

195 

182 

7,  116 

4,974 

19,456 

212 

7  5 

5 

1 

^ 

1 

98 

191 

216 

194 

8,505 

5 ,  709 

21  ,819 

202 

128 

I 

1 

"9 

S 

108 

170 

221 

194 

9,246 

6,00  5 

22,  29^ 

1S6 

185 

^, 

4 

S5 

4 

118 

145 

209 

181 

9,254 

5,859 

2 1 , 2  ■:^  1 

165 

215 

() 

■i 

on 

- 

128 

119 

188 

161 

8,  "49 

5,41 9 

19,  197 

145 

2  59 

7 

0 

95 

1 

158 

95 

160 

140 

7,  792 

4,714 

16,509 

122 

2  5  5 

^ 

6 

10(1 

1 

148 

''- 

151 

119 

6,660 

5  ,  96  1 

15,56  7 

0 

0 

S 

- 

11)4 

-^ 

Table  30. --Yield    table    for   Stand   26,    Flathead   National    F\^rest 
Swan    Lake    Ranger   District ,    Bond   Creek 


Volume  per 

acre 

Total 

Merciiantabl 

c 

Scr  ilmer 

Age 

Irees/acre 

BA/acre 

CCF 

ft  5 

ft' 

bd. ft. 

Accretion   ^ 

lortal  1 1\' 

x  d.b.h.   X 
In':hes 

height 

Ft'^ 

Ft  ' 

Ft  '" 

l'r.,--t 

62 

75 

60 

77 

1,408 

1  ,322 

4,756 

199 

- 

12.1 

1.0.  1 

72 

71 

114 

116 

3 ,  552 

2,946 

12,578 

2  29 

17 

1" 

1 

7  -^ 

6 

82 

68 

163 

145 

5,446 

4,44  4 

18,662 

2  55 

30 

21 

0 

0  0 

2 

92 

64 

205 

165 

7,501 

5,62  5 

2  2,98  5 

270 

15 

2  I 

1 

00 

5 

1  102 

61 

245 

186 

9,778 

6,646 

25,975 

2  79 

58 

T  - 

2 

09 

5 

112 

57 

285 

205 

11,983 

7,546 

27,240 

281 

^5 

50 

l" 

0 

122 

54 

317 

224 

14,047 

7,759 

2  7,158 

2  88 

91 

52 

s 

2  5 

X 

j  132 

51 

349 

242 

16,016 

7,821 

25,922 

282 

11)8 

55 

(> 

20 

s 

1  142 

47 

377 

257 

17,747 

7,757 

24, 536 

25  4 

125 

5S 

2 

^- 

1 

;  152 

44 

397 

268 

19,03  7 

7,567 

2  3,1153 

2  30 

1  39 

10 

- 

59 

s 

162 

41 

414 

277 

1 9 , 94  3 

7,465 

21,514 

0 

0 

12 

s 

I  1 

1 

Table  51.--l'ieJ(i  table    for   Stand    27,    <:al  latin    National    Foj-.-st, 
Bozeman    Ranger   Distr i ct ,    F  ice    Draw 


irees/acre   BA/acre 


CCl- 


Volume  per  acre 


["otal      Merchantable      Scriliner 


ft 


ft 


>d  .  f t . 


Accretion      '4oi'talit\'      x    d.b.h.       x   heii^lit 


Ft- 


Ft 


25 

515 

47 

75 

675 

457 

700 

55 

35 

279 

65 

92 

1,154 

876 

1  ,04  4 

14 

45 

252 

7  3 

99 

1  ,497 

1,274 

1,848 

4:^ 

55 

2  51 

82 

105 

1,846 

1,640 

5,750 

54 

65 

215 

92 

111 

2,252 

2,029 

6,65  5 

59 

75 

198 

102 

118 

2  ,  689 

2,421 

9,990 

64 

85 

186 

113 

124 

5,161 

2,828 

12,658 

)i5 

95 

175 

121 

129 

5,607 

5,192 

14,746 

6S 

105 

164 

150 

155 

4,072 

5,572 

16,79  5 

66 

115 

154 

157 

158 

4,477 

5,902 

18,654 

06 

125 

144 

142 

140 

4,826 

4,187 

20,228 

0 

t^ 

inc} 

i<  -s- 

;  1  N 

■  r 

10 

6 

r 

26 

5.5 

1 

0 

12 
14 

S 

1 

59 
1  1 

1) 
( < 

15 

8 
1) 

0 

19 
5  5 

0 

1 

19 

10 

^ 

r  -> 

0 

2  1 

1  1 

> 

60 

6 

26 

1  2 

1 

(.1 

0 

32 

1  2 

s 

(>^ 

2 

0 

1  ■> 

1 

''O 

1 

21 


Table  32. --rield  table   for  Stand   28,    Gallatin   National    Forest, 
Bozeman   Ranger   District ,    Wildhorse 


Volume  per  acre 

Total 

Merchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd . ft . 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft  3 

Ft  3 

Inches 

Feet 

21 

407 

29 

63 

267 

0 

0 

66 

4 

3.6 

17.4 

31 

346 

55 

88 

883 

448 

0 

56 

10 

5.4 

30.8 

41 

307 

70 

100 

1,348 

1,040 

0 

48 

13 

6.5 

37.7 

51 

278 

78 

105 

1,699 

1,438 

1,069 

53 

15 

7.2 

42.4 

61 

253 

88 

111 

2,084 

1,832 

4,018 

61 

17 

8.0 

46.9 

71 

233 

98 

117 

2,527 

2,248 

7,409 

63 

17 

8.8 

51.2 

81 

217 

107 

123 

2,980 

2,636 

10,817 

66 

18 

9.5 

55.2 

91 

203 

117 

129 

3,459 

3,033 

13,777 

74 

20 

10.3 

58.9 

101 

191 

128 

136 

3,994 

3,475 

16,337 

74 

24 

11.1 

62.4 

111 

180 

137 

140 

4,486 

3,878 

18,711 

73 

29 

11.8 

65.7 

121 

168 

144 

144 

4,918 

4,234 

20,817 

0 

0 

12.5 

68.7 

Table  53. --Yield    table   for   Stand   29,    Kootenai    National    Forest, 
Rexford   Ranger   District ,    Pinkham  Creek 


Age    Irees/acre   BA/acre   CCF 


Total 
ft  3 


Volume   per   acre 


^lerchantable 

ft- 


Scribner 
bd.ft. 


Accretion  Mortality   x  d.b.h.   x  height 


Ft' 


Ft- 


Ft- 


Inches 


Feet 


50 

208 

45 

63 

960 

697 

833 

166 

9 

6.3 

40.0 

60 

187 

94 

110 

2,533 

2,064 

5,404 

209 

17 

9.b 

53.8 

70 

175 

142 

147 

4,455 

3,319 

11,723 

237 

42 

12.2 

63.4 

80 

162 

182 

170 

6,404 

4,505 

16,021 

266 

97 

14.4 

71.8 

90 

144 

210 

183 

8,090 

5,534 

18,359 

240 

195 

16.3 

79.2 

100 

119 

206 

175 

8,547 

5,784 

17,478 

210 

290 

17.8 

85.6 

110 

89 

176 

147 

7,747 

5,228 

13,877 

152 

354 

19.1 

91.2 

120 

57 

125 

110 

5,729 

3,908 

8,537 

74 

346 

20.0 

95.7 

130 

31 

64 

66 

3,007 

2,089 

4,797 

38 

172 

19.3 

98.3 

140 

19 

36 

44 

1,668 

1,207 

3,175 

30 

90 

18.6 

100.3 

150 

13 

24 

31 

1,068 

835 

2,115 

0 

0 

18.6 

101." 

Table  34.--i'ield  table   for   Stand    30,    Lolo   National    Forest, 
Ninemile   Ranger   District ,    Spring  Creek 


Age   Trees/acre   BA/acre 


CCF 


Total 
ft  3 


Volumejper  acre 


Merchantable 


ft 


Scribner 
lid .  ft . 


Accretion  Mortality   x  d.b.h.   x  height 


Ft^ 


Ft- 


Ft- 


Inches 


Feet 


205 

295 

98 

136 

2,448 

1,956 

6,397 

95 

25 

7.8 

47.5 

215 

248 

114 

138 

3,152 

2,567 

9,369 

96 

37 

9.2 

56.8 

225 

210 

124 

138 

3,749 

3,084 

12,256 

89 

47 

10.4 

64.7 

235 

178 

127 

134 

4,169 

3,476 

14,755 

91 

54 

11.5 

71.1 

245 

152 

130 

131 

4,540 

3,821 

17,263 

85 

59 

12.5 

76.8 

255 

130 

128 

125 

4,793 

4,052 

19,227 

83 

62 

13.5 

81.8 

265 

111 

127 

120 

5,003 

4,239 

20,885 

76 

bl 

14.5 

86.5 

275 

96 

124 

115 

5,159 

4,381 

22,267 

71 

59 

15.4 

90.8 

285 

84 

122 

111 

5,284 

4,499 

23,507 

70 

57 

16.5 

94.7 

295 

75 

120 

108 

5,412 

4,617 

24,737 

65 

55 

17.1 

98.4 

305 

66 

117 

104 

5,508 

4,706 

25,703 

0 

0 

18.0 

101.9 

22 


Table  35.  --Yield   table   for   Stand    31,    Colville   National    Foi-est , 
Colville   Ranger   District ,    Robins   Creek 


Vo 

lume  per  acre 

Total 

Me 

rchantable 

Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortal i  tv 

X  d.b.h. 

\  he  i  gilt 

Ft- 

Ft  3 

Ft  3 

Inch OS 

Feet 

60 

178 

42 

76 

884 

664 

2,327 

88 

6 

6.6 

37.1 

70 

161 

69 

101 

1,705 

1,434 

6,159 

111 

10 

8.8 

46.2 

80 

149 

96 

122 

2,721 

2,464 

11,266 

130 

15 

1  0  .  9 

55.0 

90 

139 

123 

140 

3,867 

3,590 

17,103 

159 

T  1 

12.7 

6  3.8 

100 

131 

153 

158 

5,234 

4,911 

24,911 

188 

30 

14.(. 

72.2 

110 

124 

184 

177 

6,814 

6,415 

34,35  2 

204 

40 

16.5 

80.0 

120 

117 

215 

195 

8.454 

7,971 

4  3,868 

225 

30 

18.3 

87.  3 

130 

112 

246 

217 

10,205 

9,646 

54 , 094 

226 

62 

20.  1 

94.0 

140 

106 

272 

234 

11,842 

11,219 

63,65  3 

225 

7  3 

21  .7 

100.2 

150 

102 

295 

250 

13,363 

12,723 

72,847 

240 

85 

2  3 .  1 

105.9 

160 

97 

318 

266 

14,916 

14,278 

82,362 

0 

0 

24.5 

111.2 

Table  36.--i'ieid  table    for   Stand    32,    Colville   National    Forest, 
Kettle   Falls   Ranger   District ,    U'lng   Shot   Mine 


Volume  per 

acre 

Total 

Mcrchantabl 

e   Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd . ft . 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft3 

Ft  3 

Inches 

F,.et 

45 

122 

46 

62 

1,442 

1,214 

3,633 

77 

10 

8.  3 

(>3.  S 

55 

113 

62 

76 

2,117 

1,820 

7,710 

86 

13 

10.0 

"D.  1 

65 

106 

77 

89 

2,84  3 

2,438 

11,577 

88 

20 

ll.(. 

"(i  .  '' 

75 

99 

90 

97 

3,518 

3,007 

14,879 

98 

52 

12.9 

82  .') 

85 

91 

101 

104 

4,183 

3,578 

18,154 

97 

52 

14.2 

88.  7 

95 

82 

106 

107 

4,631 

3,951 

20,309 

95 

81 

15.1 

94  .  2 

105 

72 

105 

104 

4,774 

4,074 

21,160 

95 

106 

16.4 

99  .  5 

115 

60 

99 

98 

4,672 

3,984 

20,722 

74 

122 

17.4 

104.:- 

125 

48 

87 

87 

4,190 

3,587 

18,772 

64 

124 

IS. 2 

109.9 

135 

38 

74 

75 

3,598 

3,097 

16,305 

4  8 

116 

19.0 

115.2 

145 

28 

60 

63 

2,915 

2,544 

13,56  3 

0 

0 

19.7 

1211.8 

["able  37.--rieid  table    for   Stand    33,    Colville   NatKinal    Forest 
Colville   Ranger   District ,    Box   Canyon 


Volume  per  acre 


Total   "lerchantable   Scribner 


le       Trees/acre   BA/acre   CCF 


ft 


ft 


bd . ft . 


Accretion      Mortalit\'      .x   d  .  h  .  li .       x   licii^ht 


Ft' 


:-^3 


Ft 


Ft  - 


Tnche. 


45 

55 

33 

44 

719 

633 

2,04  3 

79 

4 

10.5 

r^^^ 

5 

55 

52 

54 

61 

1,475 

1,328 

6,068 

90 

7 

13.7 

7  3 

5 

65 

50 

72 

75 

2,299 

2,105 

10,492 

94 

11 

1(1.1 

S(, 

T 

75 

47 

89 

85 

3,124 

2,888 

14,902 

107 

16 

1  8 .  (. 

'Hi 

3 

85 

45 

106 

96 

4,037 

3,740 

19,992 

110 

20 

20.x 

1)4 

'.) 

95 

42 

121 

104 

4,928 

4,577 

25,063 

119 

26 

22  .[^ 

12 

4 

105 

40 

137 

112 

5,864 

5,452 

30,51 4 

123 

31 

25.  1 

19 

0 

115 

38 

153 

120 

6,779 

6,313 

36,202 

119 

37 

27.2 

25 

0 

125 

36 

166 

126 

7 ,  596 

7,090 

4 1 , 35  3 

123 

4  3 

29.  2 

30 

4 

135 

33 

178 

131 

8,  396 

7,855 

46,442 

118 

4  8 

3  1  .  3 

SS 

3 

145 

31 

187 

134 

9,091 

8,5  30 

5 1 , 06  3 

0 

0 

33.  1 

39 

8 

^:> 


Table  38. --yield  table   for   Stand   34,    Colville   National    Forest, 
Sullivan   Lake  Ranger   District ,    Hanlon  Meadows 


Age   Trees/acre   BA/acre   CCF 


Volume  per  acre 


Total   Merchantable   Scribner 
ft  ^       ft  ^ bd.ft.    Accretion  Mortality  x  d.b.h. 


X  height 


Ft' 


Ft- 


Ft- 


Inches 


Feet 


45 

67 

28 

39 

837 

664 

1,767 

48 

2 

8.8 

61.6 

55 

65 

39 

50 

1,296 

1,006 

3,511 

53 

3 

10.4 

69.8 

65 

64 

49 

59 

1,793 

1,356 

5,299 

53 

6 

11.9 

77.2 

75 

62 

57 

66 

2,266 

1,662 

6,746 

58 

10 

13.1 

84.0 

85 

59 

65 

72 

2,746 

1,955 

7,927 

61 

16 

14.2 

90.4 

95 

56 

71 

76 

3,195 

2,206 

8,788 

61 

27 

15.3 

96.4 

105 

52 

75 

78 

3,537 

2,370 

9,248 

58 

40 

16.3 

102.1 

115 

47 

75 

77 

3,720 

2,429 

9,299 

58 

49 

17.1 

107.5 

125 

42 

74 

75 

3,804 

2,429 

9,136 

54 

54 

18.0 

112.5 

135 

37 

72 

72 

3,798 

2,379 

8,795 

51 

54 

18.9 

117.3 

145 

32 

69 

69 

3,763 

2,304 

8,338 

0 

0 

19.8 

121.9 

Table  39. --yield  table   for   Stand    35,    Colville   National   Forest 
Colville   Ranger  District ,    Joslin   Meadow 


Volume  per 

acre 

Total 

Merchantabl 

e   Scribner 

Age 

Trees/acre 

BA/acre 

CCF 

ft  3 

ft  3 

bd.ft. 

Accretion 

Mortality 

X  d.b.h. 

X  height 

Ft2 

Ft3 

Ft  3 

Inches 

Feet 

54 

141 

57 

72 

2,028 

1,655 

6,244 

118 

14 

8.6 

69.4 

64 

131 

78 

91 

3,070 

2,643 

11,436 

103 

21 

10.5 

80.5 

74 

122 

93 

102 

3,884 

3,350 

16,125 

103 

31 

11.8 

86.5 

84 

114 

105 

109 

4,599 

3,940 

19,740 

113 

47 

13.0 

92.1 

94 

104 

114 

114 

5.257 

4,490 

22,963 

112 

72 

14.1 

97.5 

104 

94 

117 

115 

5,656 

4,812 

24,778 

108 

101 

15.1 

102.6 

114 

82 

114 

111 

5,720 

4,849 

25,116 

95 

126 

16.0 

107.5 

124 

69 

105 

103 

5,409 

4,594 

23,904 

86 

127 

16.7 

112.2 

134 

58 

95 

94 

5,003 

4,266 

22,238 

71 

119 

17.4 

116.9 

144 

47 

84 

84 

4,521 

3.886 

20,395 

58 

HI 

18.1 

121.7 

154 

38 

73 

75 

3,990 

3,446 

18,082 

0 

0 

18.8 

126.6 

Table  40.--i'ieid  table   for  Stand    36,    Colville   National   Forest, 
Sullivan    Lake   Ranger   District ,    Johns   Creek 


ll  I 


Age   Trees/acre   BA/acre   CCF 


Total 
ft  3 


Volume  per  acre 


Merchantable 
ft  3 


Scribner 
bd.ft. 


Accretion     "^lortality      x   d.b.h.      x  height 


Ft- 


Ft- 


Ft- 


Inches 


Feet 


15 

173 

11 

25 

104 

8 

0 

22 

2 

3.4 

20.1 

25 

145 

21 

38 

305 

140 

22 

44 

4 

5,1 

34.1 

35 

128 

35 

54 

710 

720 

752 

44 

6 

7.1 

49.1 

45 

116 

45 

63 

1,084 

1,184 

2,088 

49 

8 

8.4 

60.4 

55 

108 

54 

71 

1,501 

1,625 

4,549 

63 

9 

9.6 

71.0 

65 

101 

65 

79 

2,035 

1,952 

7,611 

72 

12 

10.9 

80.8 

75 

95 

77 

88 

2,634 

2,362 

10,873 

75 

16 

12.1 

89.9 

85 

90 

87 

94 

3,224 

2,877 

14,131 

80 

23 

13.3 

98.3 

95 

84 

96 

100 

3,803 

3,419 

17,410 

80 

31 

14.5 

106.2 

105 

78 

102 

104 

4,295 

3,880 

20,196 

80 

45 

15.5 

113.5 

115 

72 

106 

105 

4,639 

4,234 

22.324 

0 

0 

16.4 

120.6 

24 
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'Jraham,  R.  T.  ,  and  J.  R.  Tonn. 

1980.   Case  study:   growtli  and  development  of  forest  stand:-;  in 
tlie  Northern  Rocky  Mountains.   USDA  For.  Serv.  Res.  Pap. 
INT-255,  2-4  p..   Intcrmt.  For.  and  Range  Exp.  Stn.,  Ogden,  Utah 
84401. 

Tree  diameter  and  height  growtli  were  compared  for  nine'  habitat 
types.   Ten-year  diameter  growtli  was  higlily  variable  among  haljitat 
types  as  was  10-year  lieight  growth.   Hifjh  variation  m  both  diaineti.>r 
and  height  growth  also  occurred  within  habitat  type.s.   Tliirty-six 
local  yield  tables  are  {^resented,  one  for  each  staiid  in  the  study. 


KEYWORDS:  Stand  yield,  diameter  growth,  height  growth. 
Northern  Rocky  Mountains 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  23 1  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah    (in    cooperation    with    Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 


INFLUENCE  OF  TEMPERATURE  AND  SPORE   STAGE 
ON  PRODUCTION  OF  TELIOSPORES  BY 
SINGLE  AECIOSPORE   LINES  OF    CRON.^RTIUM  RllUCOL.^ 


Geral  I.  McDonald  and  Duane  S.  Andrews 


•",  f .: '  .'*  1^ 


^.J 


X.  *  ? 


».    N 


/ 


'1  »■ 


I 


t  •'. 


#•     ' 


♦  •    '         7 


»•  •     • 

*     •  • 

* 


/    ^ 


•/■■■.■ 

... 


^,,  A,  :  ■ 


GOVT.   DOCU'v-cNTS 
DEPOSiTORY  iTlM 

SEP    1^1980 

^-      CLEMSON 
"^      LIBRARY 


USDA  Forest  Service  Research  Paper  INT056 

Intermountain  Forest  and  Range  Experiment  Station 

U.S.  Department  of  Agriculture,  Forest  Service 


THE  AUTHORS 


GERAL  I.  Mcdonald  is  principal  plant  pathologist  with  the  Intermountain 

Station's  genetics  and  pest  resistance  research  work  unit  in  Moscow, 
Idaho.   Dr.  McDonald  received  his  B.S.  in  Forest  Management  (1963)  and 
Ph.D.  in  Plant  Pathology  (1969)  from  Washington  State  University. 
Since  he  joined  the  Station  in  1965,  he  has  investigated  the  genetic 
interaction  of  the  blister  rust  organism  and  its  hosts  as  well  as 
epidemiology  of  blister  rust. 

DUANE  S.  ANDREWS  is  biological  technician  for  the  Station's  genetics  and 
pest  resistance  work  unit  in  Moscow,  Idaho.   He  has  a  B.S. 
in  Range  Management  from  Washington  State  University  (1955)  and  an 
M.S.  in  Range  Management  from  the  University  of  Idaho  (1957).   He 
joined  the  Station  in  1959. 


Research    Imj^.t     !M'I'-."j(. 
Jiilv    J'r.-A) 


INFLUENCE  OF  TEMPERATURE  AND  SPORE  STAGE 
ON  PRODUCTION  OF  TELIOSPORES  BY 
SINGLE  AECIOSPORE   LINES  OF  CRON.^RTIUM  RIBICOL.-l 


Geral  I.  McDonald  and  Duane  S.  Andrews 


Intermountain  Forest  and  Range  Experiment  Station 
U.  S.  Department  of  Agriculture 
Forest  Service 
Ogden,  Utah  84401 


RESEARCH  SUMMARY 


A  major  problem  faciny  those  who  wish  to  inoculate  white  pines  with 
Cronartium  ribicola    is  the  reliable  production  of  teliospores.   Also,  a 
better  understanding  of  the  nature  of  the  various  spore  stages  will  add  to 
our  ability  to  develoj3  workable  integrated  rust  management  plans. 

The  results  reported  in  this  paper  will  increase  the  reliability  of 
teliospore  production  in  both  whole  plant  and  detached-leaf-culture  of 
Cronartium  ribicola   on  Ribes  plants,  and  add  to  our  understanding  of  the 
interaction  between  genes  and  the  environment  in  the  functioning  of 
epidemiological  fitness  traits. 
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INTRODUCTION 

Over  the  last  few  }-ears,  attempts  have  been  made  ti)  establish  sln.i'.le  aee  i(n;]n)res  lines 
onartium   ribicolj    to  faeililate  the  i  nvest  i  j^it  ii-)n  of  tlie  j^eneties  oi"  this  impurtanl 
er  rust.   A  principal  obieetive  was  to  complete  the  life  c\'ch'  in  isolation  so  tii.il 

homo;\'uous  aee  i-OS[K-)res  couKl  be  proJiieed.   \  modified  version  iMcbonald  ^.'^Kl  of  Clinton 
cCormick's  (1921)  Peti-i  dish  method  has  worked  well  for  the  ribes  portion  of  tiio  lift' 

But  lack  oi'   consistent  and  profuse  jiroduction  of  tel  i  osnoi'es  has  lu'cn  an  untxpeeted 
em.   Past  greenhouse  studies  show  tiiat  a  constant  bl  b  (Id  b)  i'rom  i  n(_ieu  1  at  i  on  to  ^.pore 
ction  led  to  abundant  telia  (Riker  and  others  l!.)47  and  Van  Arsdel  and  othei-s  I'JSb). 

tel  La  would  not  I'orm  if  the  d<\y    and  ni;j,ht  t  eiiipc  rat  u  i-e  was  abo\'f  dS"!  (_'i)'-'Cj  i\.iii 
1  and  ot  iiers  1  'JfiO  )  . 

Our  first  problem  arose  when  a  L^roup  of  sini^ie  aeeiosjiore  lines  isolatc'd  at  a  e^jiistant 
(_2l'^\')  were  transferred  to  a  constant  55  b  (15  t;).   One  culture  out  of  (>'.'  produced  telia 
n  bO   da\'s  (author's  unpublislied  data).   On  tlie  other  hand,  otlier  sini'.le  aeciosiioi-o  cultures 
at  70  b+2  (21  C+1)  produced  tclLospores  that  would  germinate  as  the\'  tormed  (Mcbonald  and 
ws,  in  prepirat  ion )  .   So,  a  reliable  supply  of  unj^ermi  nated  teliospores  to  use  for  inoeula- 
back  to  Pin.us   wonticola    jirovcd  difficult  to  obtain.   A  series  of  experiments  were  initiated 
terminc  the  best  procedure  for  producing  teliospores  on  the  detached  leaf  cultures. 

Two  pieces  of  information  were  used  to  formulate  a  hypotlicsis.   First,  we  obsei'ved  tliat 

inoculations  were  made  witli  urediospores  instead  of  aeciospores,  we  could  obtain  teliospoi'es 

o     o 
little  as  14  days  at  70  b  (21  C)  and  lb  hr  days  (author's  unpublished  data).   Whereas. 

spore  inoculations  would  nearl)'  alwa\-s  rei[uire  28  to  50  days  for  earliest  ap])eai'ance  oi' 

,    regardless  of  te.iperature  and  day  length.   Second,  Spaulding  (1922)  rc]iorted  tint 

ngton  and  Snell  followed  generations  of  urediospore  production  in  tlie  field.   Tel  i  ospos-es 

not  produced  with  t!ie  first  generation  but  were  found  witli  all  later  generations.   IVc 

Itcsized  that  aeciosnore  and  urediospore  infections  differed  in  their  abilitv  to  prt)duce 

0       0  ' 

spores  and  that  a  temperature  ot  less  tlian  OS  i"  (20  (')  was  needed  to  stimulate  teliospore 
ction  by  infection  resulting  from  urediospores.   The  objective  of  tliis  paper  is  to  repiort 
esults  of  initial  experiments  designed  to  test  the  above  hypothesis  by  gi'owing  lioth 
ospore  and  aeciospore  stages  of  identical  genetic  background  on  one  clone  of  ribes  in  one 
h  chamber  (urediospore  lines  compared  to  the  aeciospore  line  from  which  tliey  decended ) . 
as  near  as  is  currently  possible,  only  s]"»ore  stage  varied. 

MATERIALS  AND  METHODS 

|Ve  used  two  sets  of  materials,  one  isolated  in  1976  and  the  otlier  in  1979.   Both  consisted 
hgle  aeciospore  lines  isolated  according  to  McDonald  and  Andrews  (in  preparation).   Upon 
option  of  urediospores,  subcultures  were  establislied .   All  cultures  of  both  spore  types 
^rown  on  Ribes   hudsonianum   var.  petiolare    clone  lNT-1.   Tlie  197b  material  has  already 
lescribed  (McDonald  and  Andrews,  in  preparation)  and  was  included  in  this  pa]ier  to  provide 
jomparisons  with  otlier  sources  of  aeciospores.   Hie  1979  material  was  produced  and  the 
liment  conducted  as  outlined  in  fig.  1.   Two  cankered  P.    monticnla    seedlings  growing  in 
gfeenhousc  were  producing  aeciospiores .   Sjiores  from  one  blister  on  each  tree  were  used  as 
cs:   About  half  of  the  1,058  attempted  isolations  were  made  fi-om  each  blistei",  and  isolatc^d 
e  were  randomly  placed  in  a  cool  55  F  +  2    fl5  C+_l  j  ,  and  a  warm  70  \-  +  2    (21  C>  1  )  ,  chamber  as 
lere  isolated  (16  lir  da\'  8  hr  night). 

lie  aeciospore  cultures  were  inspected  every  7  days  for  65  days,  and  presence  of  ui'edio- 
e'j  and  teliospores  was  recorded.   Six  subcultures  were  atteiiqited  fi-om  all  the  single 
obore  cultures  that  had  produced  sufficient  urediospores  by  21  days.   These  cultures  a  i-e 
nipra  selection  of  possible  cultures.   One-half  of  these  subcultures  were  placed  in  tlie 
1  mamber  and  one-half  in  the  cool  cliamber  from  each  of  the  warm  and  cool  cultures  from 
hfhey  were  isolated  (fig.  1).   These  cultures  were  then  inspected  every  7  days  for  19 

:|id  presence  of  urediospores  and  teliospores  was  recorded. 
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IVe    used    chi-st|u;irc   aiial_\'sis    (Siicdccor    19S()I    to    test    Toi'    1  lulepc'iidence    of    selected    eoMipa  r  i  sons 
pore    t\']ie,    spore    source,    and    temperature    for    inoculation    success    and    presence    ol"    teliospores. 
ddition,    the   jxittern   o\'    suhculture    aj^e    at    teliospore    ap]iearance   was    recorded    I'or   all    cool 
ber   aecios]iore    lines    that    produced    three    sulicul  tures . 

RESULTS 

As    ex]")cctcd,    the    sinj;le   aeciosporc    isolates    placed    in    the    cool    chambei'    prmided    a    hiidier 
ess    rate    tlian    those   lUaced    in    the   warm   chamber    (talile    1).       hut    the   ua  nii   chambei'    isolates 
loped    slight!)'    faster.       All    the    infections    that    ajipeared    iiy    (iS    da\-s    wca-e    evident     in    11 

in    the   warm   cliamlier;    but    cool    ciiamber    infections    were    not    eviderit    until    t  lie    21    da\-    inspection 

There   was    a    significant    difference   due    to    temperature    in    teliospore    production    by    I'.'   days 
eciosiiorc   cultures    (table    2).      The   cool    ciiamber    isolates    sliowed    a    s  i  ,t',n  i  f  i  cant    increase    in 
ent    producing    telial    columns. 


Fable    I  .  --Pt'rcent    of  single   aeciospores   of   Cronartium    ribicola    that    produci/'d    inft-ctKjns 
on   leaf  disks   of   Ribes    hiidsonianum   \''ar.    jictiolare    within    21    d.nis    wlujn    grown 
in    a    cool    and   a    warm  chamber ,    both    under    16    hr   daus 


Infections 


hamber  temperature  Yes    No  Total  Percent 

5°i->2  (15°C>1)  86   44 S  529  it. 

0°F+2  (21°C+1)  35    494  529  7 


!2 


Total  121    957  1058  11 

24.28     1^  of  larger  ,><-  =  0.0005 


f.  =  1 


able    2. --Percent    of   single   aeciospore   cultures    of   I'ronartium    ribncola    tint    produc^i'd 
j  teliospores   bij    49   dags   after   moculat  ion   when    qrown   on    Ivibes    hudsonianum 

var .    petiolare    INT  Clone-1    at    cool    and   warm   temperatures    under    l(>    hr   da'/s 


lamber  temperature 

Tel 

1  OS 

pores 

lotal 

Yes 

No 

i'erccnt 

5°F.^  (13°C-1) 
')°F^2  (21°C  +  1) 

45 

-> 

59 
15 

82 
15 

52 
15 

1    Total 
1 

45 

54 

'97 

](i 

>'    =    7.75  P    larger    ,  ■     =    0.01 

elf.    =    1 


Regarding  urediospore  inoculation  success,  the  cool  chamber  was  best  regardless  of  tempe 
ture  of  parent  culture's  chamber  (tables  3  and  4). 


Table  3. --Percent  of   Cronartium  ribicola  urediospore   inoculations   that   produced 

infection   in    21    days.      Urediospores   obtained   from  a   population   of  single 
aeciospore  cultures   grown   on   Ribes  hudsonianum  var.    petiolare  INT  Clone-1 
leaf  disks   in   a    70°F+2    (21°C+1)    chamber   and   inoculated   back    to   INT  Clone-1 
in    55°F+2    (13°C+1)    and    70°F+2    (21°C+1)    chambers   with   all    chambers   at    16   hr   days 


Treatment 


Infections 


Yes 


No 


Total 


Percent 


Aeciospore      Urediospore 
culture   to   subculture 


Warm  to  cool 
Warm  to  warm 


25 
14 


16 

25 


41 
39 


61 

36 


fotal 


2  =  5.01 


X 
d.f 


59     41 
P  of  a  larger  x^  "  0.025 


80 


49 


Table  4, 


-Percent  of  Cronartium  ribicola  urediospore  inoculations  that  produced 
infections  in  21  days.  Urediospores  obtained  from  a  population  of  single 
aeciospore  cultures  grown  on  Ribes  hudsonianum  var.  petiolare  INT  Clone-1 
leaf  disks  in  a  55  F+2  (13  C+1)  growth  chamber  and  inoculated  back  to  INT 
Clone-1  in  55°F+2  (13^C+1)  and  70°F+2  (21°C+1)  chambers  with  all  chambers 
at    16    hr   days 


'reatmcnt 


Infections 


Yes 


No 


Total 


Percent 


Aeciospore   Urediospore 
culture   to   subculture 


Cool  to  cool 

Cool  to  warm 
Total 


54 

30 


84 


25 


56 

5  3 


96 

57 


109 


77 


X'  =  24.41     P  of  larger  x   =  0.0005 
d.f.  =  1 


In    the    case    o  t"    teliospoi'c    iuhhIuc  t  umi    \^y    urcJ  i  ospiii'c    cii  1 1  iirt."'.  ,    liu-    cool    cIkihiIkt    [ircuhu-rii    .1 
iicr    percentage    of    teli.il    supporting',    cultui-es    regardless    of    the    temperature    at    wliieh    the 
Jiospores    Vscre   ]iroducevl    (tables    S    aiul    u).       A    feature    of    i  iii|iort  aiice    tn    ir;    uas    enllm-e    :\-\v    at 
iospore    appearance.       llie    cool    cliaiiiher    produced    t  e  1  i  ospcji-es    more    i|uiefl\'    than    t  lir    wanii 
iibei'    (tables    7    and    S),    but    a    statistical    test    could    not    be    |ierfi>nned    bveaiisi/    of    tlu_'    low 
?l    oi'    teliospoi'c    pi'oduction     in    the    wa  I'lii    ciiainbei".        i  he    t  empcu'a  t  u  la-    of    t  lie    chamber    llial 
Juced  "the   urediospores    had    no    apparent     infhK'nce    (talile    'J  )  . 


al)lc    S .  --Pei'Ci^nt    of   Cronartiuin    rif)icola    urtuiinsnoro   cultures    rlorivfJ    frai,   I'l  >i>>i !  .tt  i  <.>n 

nf   Single   aeciospi:>re   cultuii's    gvijwn    in    warm   cl'i.inibor    on    UiJK'S    luklson  i  aiinm 

var .    iietiolai-e    INT   Clone-1    that    nroduced    tel  losuores    b'l    -I'-i    ilaqs    altei 

'  n  n  I  >  n 

inoculation    wluan    grown    on    Clone-1    at    55    t+2    (13   C+1)    am]    70    /■'+_'     (Jl    C+ 1 ) 

and   Jo    hr   ilai/s 


~cl  iosporcs 


pore 


Treatment  Ves      No  Total  Percent 


Aec  iospore 
culture  to 

Urcd 
sub 

iosp 
cult 

ore 
ure 

Warm 

to  cool 

-)T 

1 

23 

'.)(> 

Wa  rm 

to  uarin 

-> 

12 

14 

14 

Total 

24 

13 

37 

b5 

x^  = 

d.f. 

1 

25.27 
=  1 

P 

of 

1 

argcr  \- 

=  0 

(lOOS 

{Table  b. --Percent  of   Cronartiuin  ribicola  urediospore   cultures    derived    from   r>opu Ljt  ion 

of  single   aeciospore   cultures    grown    in   cool    chamJjer   on    Ribes  hudsonianum 
■  var.    petiolare  Clone    INT-1    that    produced    teliospores    bg    49    dags    aftet 

I  inoculation    when    grown   on    Clone-1    at    55  F+2    (13   C+1)    and    70    F+2    (21    CH) 

and   16    hr   days 


I  I'el  iosporcs 

j Treatment \'cs      \'o  Total  Percent 

^.eciospore   Urediospore 
culture  to  subculture 

;ool  to  cool  41       9  50  82 


'00 1  to  warm 

5 

24 

29 

17 

dotal 

46 

33 

79 

58 

12  3  31.67 

Probability  of  larger  x'' 

-  n.ooo5 

l.f.  =  1 

.able  7 .  --Number   of   Cronai'tiiim  ribicola  urediospore   cultures    derived   from  a   population 
of   single   aeciospore   cultures    grown    in   cool    chamber  on    Ribes  hudsonanium 
var .    pctiolare  INT  Clone-1    that   produced    teliospores   at    various    times   after 
inoculation    when    grown   at    two   different    temperatures   on    INT  Clone-1 


Treatment 


Days   after   inoculation 
^1  28  35  49~ 


Total 


Aeciospore   Urediospore 
culture    to  subculture 


Cool  to  cool 
Cool  to  warm 


19 
0 


18 
0 


41 
5 


Total 


19 


18 


46 


Table  S . --Number   of   Cronartium  ribicola  urediospore   cultures    derived   from  a   population 
of  single   aeciospore   cultures    grown    in    warm  chamber   on    Uibes  hudsonianum 
var.    petiolare  INT  Clone-1    that   produced   teliospores   at    various    times    after 
inoculation   when    grown   at    two   different    temperatures   on   INT  Clone-1 


reatment 


Davs  after  inoculation 


:i 


55 


49 


Total 


Aeciospore   Urediospore 
culture  to  subculture 


Warm  to  cool 
Warm  to  warm 


7     12     1 
1     0     0 


22 
2 


Total 


12 


1 


24 


I"" 

jj:; 

III'! 


Table  9. --Number  of   Cronartium  ribicola  urediospore   cultures   derived  from  two 

populations   of  single   aeciospore   cultures ,    one   grown    in   a    70   F+2    (21    C+1) 
chamber,    the   other   grown    in    a    55  F+2    (13   C+1)    chamber   and  both   grown   on 
Ribes  hudsonianum  var.    petiolare,  that   produced   teliospores   at   various   times 
after   inoculation   when    grown   at    55   F+2    (13   C+1)    on    INT  Clone-1 


Treatment 


Days  after  inoculation 
Ti    28    35    49 


Total 


Aeciospore   Urediospore 
culture    to  subculture 


Warm  to  cool 
Cool  to  cool 


7 
19 


12 

18 


22 

41 


Total 


50 


63 


X 
d.f. 


=  2.95 
5 


P  of  larger  x^  =  0,40 


Both  inLtial  acciospore  cultures  and  thcii"  derived  ured  i  ospoiH^  cultures  x'ltddeil  a  lii';li 
oportion  of  cultures  pi-otiuc  i  iit;  teiiospores  when  ;',rown  in  a  cool  t  eiiipe  ra  t  u  I'c ,  hut  a  most 
portant  difference  siioued  up  wlien  culture  ay',es  were  compared  (tahle  10).   I'ew  aeciospore 
Itui'cs  produced  teliospoi'es  in  less  than  JS  da\s,  whereas  near!)'  all  the  s'.enel  i  ca  1  1  )■  rt'iated 
ediospore  sul)cul  tures  had  produced  their  teliosiiores  ii\'  2S  da\"  . 

We  conducted  our  first  test  o\'  temperature  effects  on  ui-ed  i  ospoi-e  suhcultui'es  (l/sinj_',le 
ciospore  culture)  for  another  population  oi'  aeciospore  cultures  isolated  in  l'.)"().  When  we 
mpai'cd  the  197o  and  l!;)79  subcultures,  a  highl\'  s  i  ;?,n  i  f  i  cant  difference  existed  'letwtHMi  tlie 

0  j-iopu  lat  ions  (table  11),  Init  iiotli  populations  tended  towaixl  tlie  earl\'  production  patt(.'iai. 

The  rJ7b  and  1979  aeciospore  cultures  were  also  com|iared  I'ecause  ue  liad  im  previous  data 
aeciospore  cultures  i;rown  in  both  w-ariii  and  cool  chambers.   Tlie  I'esult  was  consistent  (table 

1  in  that  the  aeciospore  cultures  in  the  cool  chamber  produced  telia  befoi'e  thost^  in  the 
rm  cliamber.   Also,  both  were  consistent  in  not  producinj^  teiiospores  at  an  eai-l\-  a;,',e. 

Finally,  most  urediospore  subcultures  within  a  single  aeciospoi'e  line  showed  little 
riation  in  age  at  teliosporc  appearance,  and  2  (C-9  and  (■-70)  ol"  the  1  <S  lines  that  liad 
mplete  sets  of  5  subcultures  failed  to  produce  any  teliospor'es  by  19  da>'s  (table  1  "i )  . 


Tabic  10 .  --Number'   of   single    .leciospore    cultures    .:}nd    urecll  osftore   subcul  tures    of 
Cronartium  ribicola  that    produced    teiiospores   nt    various    I  i wes    after 
inoculation   when   grown   on    Ribes  hudson  i  anum  '.'.ir.    petiolare  clone    /WT-/ 
at    55° F+2     (13^C+1) 


Inoculation  spore  tyj^c 


Aeciospores 
Urcd  iosporcs 


Total 


>avs  after  inoculation 


21 


!S 


1 9     1 S 


11 

() 


19     20     11 


4J1 
1 


49 


Iota 


99 


X'-  =  76.52     1^  of  larger  r    =  0.0005 
d.f.  =  5 


Table  11  .  --Number   of   (a'onartium  ribicola  urediospore   subcul  Lures    froii)    two   poi'u !  at  i  on:^ 
of   single   aeciospore   cultures    that    produced    i 
after    inoculation    when    growing   at    55    F+J    (11 
Ribes  hudsonianum  var.    petiolare  Ii\l'  Clone- 1 


of    single   aeciospore   cultures    that    produced    tel  losp'onas    at    various    times 

o  < ' 

after    inoculation    when    growing   at    55  F+J    (11   Ci- } )     (1(>    hr   liaus)    <vi 


Subculture  source 


Das's  at'ter  inoculatimi 
^l  2S" 


1976  Single  aeciospore  culture 
1979  Single  aeciospore  culture 


^9 


Total 


S5 

IS 


58 


101 


19 

0 


1 "."  1 


X"  =  19.49     r  of  larger  v 
d.f.  =  2 


0.0005 


IV" 


Table  12. --Number  of  single   aeciospore   cultures   of   Cronartium  ribicola  growing  on 
INT  Clone-1   of   Ribes  hudsonianum  var .    petiolare  that   produced   telial 
columns   at    various    times   after    inoculation   contrasting  1976    isolates 
grown   at    70°F+2    (21°C+1)    with   1979   isolates    grown   at    55°F+2    (13°C+1) 

Days  after  inoculation 
Isolate  population 21    28    55    65 Total 

1976  warm  aeciospores  0     3    20   202  225 

1979  cool  aeciospores  0     2    11    45  58 

Total  0     5    31    247  285 

X^  =  11.48     P  of  larger  x^  "  0-01 
d.f.  =  3 


I'iiblc  13.  - -Patterns  of   variation   within   18   single   aeciospore   lines   and   among  subcultures   within    lines    in   days    to 

appearance  of  teliospores .      Cultures  were   growing  on   detached  leaves   of   Ribes  hudsonianum  var.  petiolare 
at    55°F+2  (13°C+1)     (16   hr   days)    for   49   days 

Single  Aeciospore  Lines  (C  =  cool;  IV  =  warm) 


Urcdios 
Subcult 

pore 
ure 

C-1 

C 

-26 

W-2 

W-3 

C-42 

C-44 

C-5S 

C-18 

W-4 

C 

-50 

IV 

-34 

C-31 

C 

-65 

C-22 

C 

-71 

l\--7 

C 

1/    '>/ 

1 

21 

21 

21 

21 

21 

21 

21 

21 

21 

21 

28 

28 

28 

28 

28 

28 

0    0 

2 

21 

21 

21 

21 

21 

21 

21 

21 

28 

49 

20 

20 

20 

20 

20 

20 

0    0 

5 

21 

21 

21 

2S 

28 

28 

28 

49 

28 

0 

28 

28 

49 

49 

0 

0 

0    0 

5-. This  parent  aeciospore  culture  produced  T  in  56  days. 
—  This  parent  aeciospore  culture  produced  i  in  48  days. 


DISCUSSION  AND  CONCLUSION 

Cultures  of  C.  ribicola   obtained  from  aeciospores  or  urcdiospores  differ  in  patterns  of 
teliospores  production.   However,  one  cannot  say  if  most  aeciospore-derived  infections  are 
unable  to  produce  the  teliospore  stage  or  if  it  just  takes  longer.   The  answer  could  come  fror 
experiments  designed  to  allow  the  aeciospore  derived  cultures  to  grow  but  to  prevent  all 
[possibility  of  urcdiospores  reinfecting  tlie  leaves  on  which  they  were  produced. 

Another  conclusion  is  tliat  temperatures  near  55  F  (15  C)  stimulate  both  infection  succes5 
and  teliospores  jn-oduct ion  for  both  aeciospore-  and  urcdiospore-dcrivcd  detached  leaf  culture? 
of  C.  ribicola. 


The  scenario  suj^i^cstod  liei-e  iu;)>'  explain  the  pattern  ol'  teliospore  p  i-inlue  t  i  on  ohtaiiu-il  1\\- 
on  and  McConnick  (1'.121).   Tlie\'  iirule  several  hundred  aeciospoi'e  and  iirediospoi-e  i  iu)eti  I  a  t  i  ons 
5  years  on  detached  leaves  ol"  nian\-  different  ribes  species.   Their  cultures  were  jn'own  in 
enhouse,  so  they  were  not  able  to  exercise  much  control  ovei-  tem|iei'a  t  ure .   Oxer  ycai's 
attempted  131  inoculations  with  aec  iosjiores  (in)t  sinj:;le  sjiores  )  dui'in.!^  \tiril,  May,  and 
and  obtained  S3  infections  (()3  percent  success).  01"  tlie  SS  infections,  2  [2    iierciaiti 
ced  tcliospores  witliin  3  weeks  (tiieir  cultures  apparentl)'  did  not  live  iiiuch  he\'oiid  S 
although  they  did  not  explicitly  state  any  avera^^e  age).   In  addition,  tli(\-  obtained 
47  infections  from  ured  iosjiores .   Of  these,  34  were  inoculated  between  September  13  and 
91S,  of  whicli  22  (dS  percent)  produced  teliospores.   Of  49  infections  obtained  from 
ospore  inoculation  during  April,  May,  June,  duly,  and  .August,  only  11  percent  produced 
spores.   If  we  assume  that  tlieir  cultures  lasted  an  average  of  21  da\s  and  that  on  1  \-  the 
mber  13  to  17,  1918  period  was  cool  enough,  oui'  results  could  be  interpreted  as  beiii'.;  in 
agreement  witli  tlieirs. 

New  attempts  at  isolation  of  single  aeciospores  should  be  conducted  at  a  cool  temjierat ure , 
(13  C).   Time  required  to  complete  the  life  cycle  in  isolation  can  be  reduced  by  reinocu- 
g  with  urediospores  as  soon  as  tliey  are  produced.   Also,  earl_\'  teliospore  production  by 
in  single  aeciospore-deri ved  infections  may  indicate  the  existence  of  yet  anotliei" 
bicola   marker  gene  as  well  as  having  ]iossible  important  significance  to  tlie  ejiidemiolo- 

relat ionships  of  C  ribicola.      Other  rust  species  may  liave  responded  in  a  like  manner 
le  1955)  in  their  adaptation  to  short  seasons.   Genetic  control  of  a  t  I'a  i  t  such  as 
spore  production  by  infections  arising  from  different  spore  stages  as  well  as  variation 

individual  spores  could  indicate  the  operation  of  a  fundamental  adaptive  device  that 

have  its  ultimate  expression  in  the  formation  of  microc>'clic  races. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

'j  Logan,    Utah   (in   cooperation   with   Utah   State 

;  University) 

III 

Missoula,    Montana    (in    cooperation    with    the 

11  Universitv  of  Montana) 

jj-: ; 

£•1  Moscow,  Idaho  (in  cooperation  with  the  Univer- 

se; I  sity  of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 


The  major  problem  of  managing  white  pines  in  North  America 
is  the  blister  rust  disease  caused  by  the  introduced  stem  rust 
Cronartium  ribicola .      Populations  of  white  pines  exhibiting 
differing  degrees  of  resistance  as  well  as  some  proven  manage- 
ment options  are  available  for  use  in  control  strategies.   But, 
since  adaptative  flexibility  is  of  prime  concern,  a  compromise 
must  be  reached  between  degree  of  resistance  to  a  particular 
pest  on  the  one  hand  and  all  the  other  factors  of  the  environment 
on  the  other.   An  effective  route  to  this  compromise  is  integration 
of  all  genetic,  biologic,  and  conventional  control  methodologies 
so  as  to  maximize  the  number  of  management  actions  that  work  in 
a  common  direction. 

Computer  simulation  is  an  efficient  way  to  organize  and 
analyze  the  knowledge  available  about  complex  systems.   The 
research  reported  herein  is  an  attempt  at  organizing  knowledge 
about  the  complex  blister  rust  system  into  a  simulator  that 
will  ultimately  supply  site-by-site  and  stand-by-stand  prescrip- 
tions of  integrated  management  options.   The  model  was  formulated 
with  the  aid  of  a  continuous  systems  simulation  compiler,  called 
SIMCOMP,  that  allows  biologists  having  a  minimal  command  of 
computer  programing  to  maximize  their  input  into  model  formulation. 

The  step-by-step  formulation  of  the  blister  rust  model  is 
presented  to  illustrate  model  rationale  and  how  use  of  SIMCOMP 
can  facilitate  incorporation  of  biologic  knowledge.   The  detailed 
description  also  provides  flow  diagrams  and  quantitative 
relationships  for  implementation  of  the  programing  phase.   Pro- 
cedures for  verification  of  the  completed  simulation  and  needs 
for  additional  research  are  also  discussed. 
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INTRODUCTION 

The  application  of  computer  siiimlation  to  the  quantitative  analysis  of  plant 
disease  epidemics  has  received  increased  attention  m  recent  yeai"s  (Wa.ugoner  and 
llorsfall  1969;  Zadoks  1971,  1972;  Kranz  1974;  Waggoner  1974;  Strand  and  Pxoth  1976; 
Rouse  and  Baker  1978).   Computer  simulation  requires  quantification  oi'   [Test  projiagules, 
host  target,  and  weather  variables.   These  measureinent s  ai"e  then  used  to  lori'iulate 
equations  that  relate  the  biotic  and  abiotic  variables. 

An}'  specific  modeling  effort  in  biology  is  directed  at  one  of  the  following  four 
broad  objectives:   (1)  compulation  and  suiimiari  zat  ion  of  the  knowledge  about  a  certain 
subject;  (2)  illustration  or  exemplification  in  supjiort  of  a  provisional  theory;  (3] 
illustration  or  exemplification  to  sliow  tlie  inadequacies  or  incorrectness  of  a 
provisional  theory;  and  (4)  selection  of  the  most  reasonable  theory  from  a  series  of 
theories  about  a  certain  phenomenon  (Reddingius  1974).   VTiite  ]iinc  Iilister  rust  is  an 
excellent  candidate  for  the  ai")pl  icat  ion  of  general  objective  (1).   4'his  epidemic  is  a 
complex  biological  plienomenon  tliat  has  been  intensely  studied  over  man>'  years  producing 
a  great  amount  of  data.   Thus,  our  modeling  objective  is  to  bring  together  the 
available  knowledge  to  try  to  understand  liow  blister  rust  epidemics  behave  under 
various  natural  and  man- influenced  circumstances.   The  ultimate  objective  of  this 
effort  is  to  develop  low  cost,  integrated  rust  management  plans.   44ie  objectives  of 
this  paper  are  to  (1)  describe  the  comjionents  of  the  blister  rust  system,  and  (2)  to 
[present  a  model  of  blister  rust  epidemics.   Details  of  programing  the  model  will  be 
Ipublished  in  a  separate  Station  ''icncral  4'echnical  Report. 

I     Cronartium  ribicola    is  a  heteroecious  full-cycle  rust  that  infects  to  varying 
degrees  all  sjTccies  of  Pinus    subgenus  Strobus ,    section  Strobus ,    and  most  species  of 
'fiibes . 

In  most  of  the  forested  areas  of  the  world  located  in  the  north  temperate  zone, 
Ribes   and  Pinus   species  grow  together.   Currently  the  rust  is  present  in  most  locali- 
ties, but  in  the  warmer  drier  regions,  the  disease  is  found  infrequently. 

i     Aeciospores  are  produced  on  pine  in  the  spring  when  the  Ribes   plants  are  leafing 
but.   The  spores  are  windborne  to  the  developing  leaves  where  they  germinate  and 
infect  the  Ribes    leaves.   Infections  begin  producing  urediospores  in  about  2  weeks. 
The  urediospores  reinfect  Ribes    leaves  throughout  the  summer  any  time  temperature  and 
noisture  conditions  are  favorable  and  viable  spores  are  present.   In  northern  Idaho, 
zeliospores  are  present  from  July  1  to  October  1  most  years.   The)'  generally  germinate 
immediately  upon  the  presence  of  any  moist  period  of  at  least  12  hours  duration  that 
3ccurs  while  viable  teliospores  are  present.   The  sporidia  produced  by  teliospore 
germination  are  windborne  to  the  pine  needles  where  they  immediately  germinate  and 
.nfect  the  pine  through  stomata.   Over  the  next  1  to  3  years,  the  fungus  grows  down 
he  needle  and  penetrates  the  stem  or  branch.   About  1  year  after  penetration  of  the 
tem,  pycniospores  arc  produced.   The  function  of  these  spores  has  not  been  definitely 
hown,  but  they  are  believed  to  be  spermat ia-- i t  is  not  known  if  the  fungus  is 
leterothal 1 ic  or  homothallic  (McDonald  1978).   The  aeciospores  are  generally  produced 
he  year  following  pycnia  production. 


The  fungus  produces  fusiform  swellings  and  cankers  on  the  branches  and  stems  of 
susceptible  trees.   The  cankers  grow  parallel  (up  and  down)  with  the  stems  and 
branches  at  a  rate  of  about  5-13  cm  each  way  each  year.   The  growth  around  the  stem 
is  about  3  cm  each  way  each  year,  making  the  stem  encirclement  rate  about  6  cm  per 
year.   Factors  such  as  site,  genotype  of  the  host,  and  genotype  of  the  rust  may  cause 
variation  in  the  encirclement  rate.   Thus,  the  time  needed  to  produce  a  canker  that 
girdles  a  stem  varies  with  the  growth  rate  of  the  tree,  growth  rate  of  the  rust,  the 
diameter  of  the  tree  at  the  point  that  the  fungus  reached  the  stem,  and  possibly 
other  genetic  and  environmental  factors.   This  period  can  vary  from  a  few  weeks  on 
small  seedlings  to  40  years  or  more  on  mature  trees.   After  trees  are  girdled  (even 
seedlings)  it  takes  3  to  10  years  for  the  tree  to  die. 

In  many  cases,  trees  do  not  die  entirely.   Tops  are  lost;  branches  die;  and 
growth  slows  down  as  a  result.   But,  it  can  be  generally  said  that  there  is  little 
effect  on  growth  until  shortly  before  death. 

Heavy  infection  can  cause  defoliation  of  Ribes   plants,  but,  in  most  areas  in 
most  years,  the  infection  is  not  of  sufficient  magnitude  to  cause  obvious  damage  to 
the  Ribes   population. 

The  Blister  Rust  Epidemic 

The  rust  was  introduced  into  the  northeastern  United  States  about  1900  on  P. 
strobus   seedlings  shipped  from  France  (Mielke  1943).   The  disease  quickly  spread 
through  the  range  of  P.    strobus. 

The  rust  was  introduced  into  western  North  America  about  1916.   This  introduction 
was  apparently  also  on  infected  P.  strobus   seedlings  from  France  (Hahn  1949).   The 
disease  quickly  spread  throughout  the  extensive  stands  of  western  white  pine  in  the 
Cascade  and  Rocky  Mountains.   The  economic  management  of  P.  monticola   is  presently 
out  of  the  question  without  some  sort  of  control  strategy  (Ketcham  and  others  1968) . 


THE  OVERALL  MODEL 

.pl  '.  ;         The  two  approaches  to  ecosystem  modeling  that  have  been  commonly  employed  are 

^   .  analytical  models  and  simulation  models  (Hall  and  Day  1977).   A  simulation  model  was 

«'3  ::  used  for  tlie  white  pine  blister  rust  system  because  of  our  desire  to  incorporate  as 

*.",  much  biologic  knowledge  as  possible. 

Box-and-arrow  diagrams  and  word  models  were  used  to  define  the  system  and  then 
both  mechanistic  and  descriptive  equations  were  created  to  describe  the  relations 
between  state  variables  or  "boxes"  (see  also  Hall  and  Day  1977).   The  rationale  of 
box-and-arrow  diagrams  is  illustrated  in  figure  1.   Fiach  compartment  is  a  state 
variable  and  the  movement  of  quantities  (needles,  spores,  Ribes   bushes,  infections, 
trees,  and  so  on)  from  one  box  to  another  is  called  a  flow.   The  flows  are  controlled 
by  forcing  functions,  donor-controlled  interaction,  and  donor-recipient  controlled 
interaction.   State  variables  will  be  represented  by  numbers  and(or)  numbers  and  X's. 
Flows  will  be  represented  by  J's. 

SIMCOMP  Method  of  Simulation 

The  computer  programing  system  that  was  used  is  called  SIMCOMP  version  2.1 
(Gustafson  and  Innis  1973).   Their  system  is  based  on  "box-and-arrow"  flow  diagraming 
as  shown  in  figure  1. 


Canker 

Appearance 

Function 


Figure  1 . --Rationale  of  the  box-and-arrow  method  of  diagramming  simulation  models  illus- 
trated with  flow  J,  ,  T  , -^ ,  from  state  variable  X(12)  to  state  variable  X(l.'S).   Solid 

line  from  box  to  box  shows  flow  of  matter  and  arrow  shows  direction  of  flow.   [lotted 
line  shows  flow  of  information  that  controls  flow  of  matter  through  butterfly  valve. 


The  SIMCOMP  approach  has  worked  very  well  for  us  in  ]iroviding  guidance  to  the 
biologists  (Geral  I  McDonald  and  R.  .1.  lloff)  for  development  of  the  flow  diagrams, 
and  the  SIMCOMP  framework  greatly  facilitated  communication  between  the  biologists 
and  the  systems  analyst  (William  R.  IVykof f )  .   Keep  in  mind  as  you  read  that  the  iiiodel 
was  formulated  to  be  programed  by  tlie  SIMCOMP  compiler. 

Since  the  blister  rust  system  is  complex,  submodels  were  developed  that  group 
state  variables  composed  of  the  same  materials,  like  bushes  per  hectare  or  infections 
per  tree.   The  amount  of  these  materials  may  be  increased,  decreased,  or  left  the 
same  as  time  changes.   In  some  cases,  the  time  change  from  state  variable  to  state 
Variable  occurs  on  an  annual  cycle  and,  in  other  cases,  man\'  state  variable  changes 
joccur  within  one  annual  cycle. 

'i 

The  model  was  organized  into  five  separate  submodels  [fig.  2): 

A.  Ribes   density  (bushes  per  hectare) 

B.  Ribes   infection  (spores  of  infections  per  square  centimeter  of  leaf  surface) 

C.  Pine  target  (scjuare  centimeters  of  infective  surface  per  tree) 

D.  Pine  infection  (infections  per  tree) 
H.  Stand  infection  (trees  per  hectare) 

The  model  is  developed  with  word  and  diagrammatic  definitions  of  each  flow 
within  each  submodel.   Four  appendixes  provide  the  derivation  of  the  mathematical 
formulas  that  specify  the  material  and  informational  flows  and  the  construction  of 
some  specialized  functions  and  subroutines.   These  derivations  were  approached  from 
the  viewpoint  of  explaining  natural  processes  rather  than  the  expectation  of  a  simple 
statistical  fit  (.Jowett  and  others  1974).   But,  in  nian>'  cases,  lack  of   understanding 
forced  us  to  accept  a  statistical  fit  or  even  an  assumed  relat ionsh i  ]i . 

Figure  2  shows  the  relationshij^s  among  the  various  components.   The  Ribes   density 
submodel  computes  the  number  of  bushes  per  hectare  as  a  function  of  light  intcnsit}', 
which  is  in  turn  computed  from  the  Total  number  of  Living  Trees  per  hectare  (TFT)  and 
Current  Tree  Height  (CTll).   The  level  of  Ribes   eradicati(^n  can  be  imposed  as  a 
control  measure  or  set  at  a  given  value  to  simulate  some  natural  restriction  on  Ribes 
density.   This  submodel  computes  Ribes   Density  for  each  of  the  four  major  sjiecies  in 
riorthern  Idaho  to  produce  four  outputs:  RD(1),  lxl)(2),  RD  ( ,S )  ,  and  l'D(l)  (see  talilc  1 
For  variable  definitions). 
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The  Ribes    infection  submodel  accepts  usei"  controlled  (input)  \'a  ri  ahh^s  defined 
in  talile  5.   (Tables  numbered  out  ol'  secpience  are  found  under  fesjiect  i  \'e  submodel 
discussions.)   Tlie  output  is  the  number  of  has  i  d  i  ospores  per  stpiare  ciMitimeter 
available  at  the  june  tree  ((IRSAT).   The  input  variables  are  i  I'ouped  into  weather 
parameters,  i?ii)es- spec  ies- spec  i  fie- rust -growth  pai-ameters,  and  rust  I'.i-owth  parameters. 
In  all,  21  variables  influence  the  simulation  of  rust  development  on    the  Ribes   host. 

\e.\t  ,  the  pine  liost  tari;ct  is  developed.   Oni)-  one  computed  variable  (current 
tree  height)  and  two  in[")ut  varialiles  (table  3)  are  used  hei^e.   This  submedel  pi'ovides 
the  target  area  of  an  average  tree  each  >-ear  by  needle  age  and  neeiile  location  (bole 
and  branch).   The  output  is  expressed  as  square  centimeters  of  infection  surface. 
Note  that  current  tree  heiglit  is  also  used  and  so  site  cpialit}'  is  an  additional 
variable. 

Individual  pine  tree  infection  is  computed  as  the  total  nuinlier  of  cankers  on  an 
average  tree  in  the  stand  (ACPTl,  the  Total  number  of  Lethal  branch  (bankers  (TbC), 
and  the  Total  number  of  ('ankers  derived  from  Stem-needles  (Tt.'dS]  for  each  year  of  tlie 
simulation.   I:  i  ght  input  variables  (defined  in  table  4)  interact  \vith  s|iorc  load 
(^QBSAT)  and  bast  Tree  Height  (PTli)  to  simulate  the  annual  amount  of  new  infection. 

The  infection  that  develops  annually  on  the  average  tree  is  ex]xanded  to  a  stand 
basis  by  the  stand  infection  submodel.   In  all,  10  in[Uit  variables  (table  S)  interact 
with  the  computed  variables  from  the  individual  pine  infection  submodel,  and  the 
height  function  to  simulate  dead  trees,  damaged  trees,  recovered  trees,  clean  trees, 
and  healtliy  trees.   Trees  that  recovered  because  of  permanent  canker  inactivation 
feed  back  to  tlie  individual  [line  infection  submodel.   Trees  tliat  are  resistant  are 
removed  from  the  system.   Simulation  output  can  be  expressed  as  the  level  of  any 
state  variable  over  time  or  a  disease  progress  curve  for  mortal  it\',  lethal  branch 
infection,  stem  or  needle-derived  bole  infections,  or  total  infections.   \'ote  also 
that  Total  of  Living  Trees  (TLT)  ]ier  hectare  is  fed  back  to  the  Ribes   densit>'  submodel 


DIAGRAMMATIC  AND    WORD  MODELS 

The  simulation  includes  specification  of  varying  levels  and  kinds  of  host 
Iresistance  and  other  control  measures,  as  well  as  specification  of  various  epidemiolo- 
gical fitness  traits  (Nelson  19731  of  the  rust.   The  objective  was  to  change  the 
"variables  in  order  to  observe  their  influences  on  the  simulated  development  of  rust 
damage  on  pine  stands.   Duration,  seasonal  frequency,  and  season  of  occurrence  of 
infection  periods  can  be  specified  also.   Consequent 1>' ,  host-,  fungus-,  and  environment- 
related  parameters  can  be  varied  independently  and  their  individual  influences  on  the 
putcome  of  simulated  epidemics  studied. 

•\  We  are  simulating  infection  on  an  average  tree  in  a  given  stand.   Ibis  average 

tree  is  characterized  by  an  average  target  area,  an  average  distance  from  basidiosporc 
source  to  the  tree,  and,  therefore,  an  average  number  of  infections.   Tlie  average 
infection  level  is  then  used  to  simulate  infection  of  stand  members  on  an  inili\'idual 
lasis.   This  simplification  sliould  wtirk  well  since  most  white  pine  stands  :\rv   even- 
iged.   In  this  section,  eacli  flow  will  be  defined  in  words,  so  that  the  hiolog,)-  ol' 
he  model  can  be  seen  to  be  separate  from  the  quantitative  relationships. 

A  submodel  consists  of  a  grouping  of  state  variables  (boxes)  all  defined  b\-  the 
ame  units  such  as  bushes  per  Iiectare,  spores  per  bush,  infections  per  tree,  or 
iquare  centimeters  |:ier  tree.   Lach  state  variable  is  delineated  b_\'  the  subscripted 
'apital  letter  X,  a  number,  and  an  acronym  (for  examjile,  lU^l'l  )  .   in  the  appendix 
ascription  of  the  quantitative  relationships,  each  flow  will  be  cpiantified  b)-  an 
jquation  and  each  flow  wT  1 1  be  identified  by  a  subscripted  capital  letter  (d^   ). 


Rihi's  Density  Submodel 

Generalized  source  of  Ribes   bushes  (fig.  3)  is  partitioned  each  year  into  number 
of  Ribes   bushes  per  hectare  for  each  of  four  Ribes   species  (5->-l )  (5^21(5^3)  (5h^4)  . 
Ribes   bush  populations  are  knovsm  to  be  influenced  by  amount  of  sunlight  available. 
Some  Ribes   species  are  more  responsive  to  sunlight  than  others;  so  the  four  principal 
Ribes   species  of  northern- Idaho  are  handled  separately.   Amount  of  sunlight  reaching 
the  forest  floor  depends  largely  on  tree  size  and  density.   Second,  Ribes   bushes  can 
be  physically  removed  from  the  site  or  their  populations  reduced  by  other  means. 
Thus,  the  number  of  bushes  per  hectare  can  be  a  function  of  management  options. 
Third,  the  Ribes   species  are  distributed  according  to  their  site  requirements;  a 
given  site  may  not  be  suited  for  one  or  more  of  the  species,  requiring  that  density 
also  be  set  independent  of  the  sunlight  relationship.   All  state  variables  and  external 
variables  relating  to  this  submodel  are  defined  in  table  1  and  each  flow  path  is 
described  in  table  2. 


i 


S3: 


Figure  3. --Box-and-arrow  diagram  of  the  ribes 
density  simulation  submodel  (terms  defined 
in  table  1) . 


Table  {.--Definition   of   variables    used   in    \l\hcs   density   submodel 


Variable 


[3ef  init  i  on 


State  variables: 
X(n       lU). 


X(2) 
X(51 
X(4) 
X(S) 


RD. 


RD. 


RD. 


BUSHES 


Ribes   densit)',  R.    hudsonianum   bushes  per  hectare 
Ribes   density,  R.    inerme   bushes  per  hectare 
Ribes   density,  R.    lacustre   bushes  per  liectare 
Ribes   density,  R.    viscosissiwuw   bushes  per  hectare 
Unspecified  source  of  Ribes   bushes 


User  controlled  variables 
BRAD. 


SITE 
TIME 


If  positive  number  =  eradication  level  in  bushes  per 
hectare;  0  =  Ribes   species  not  present ;-l  =  Ribes 
population  under  natural  control. 

Index  to  Ribes    species.   1  =  R.    hudsonianum ,    2    =   R. 
inerme,    7)    -   R .    lacustre ,    A    =   R.    viscosissimum. 

Site  index,  total  lieight  at  50  years  in  feet. 

Current  stand  age,  years 


tomputed  variables 


See  appendix  I 


Tablu    2. --Ribes   riensity   submodel    flow  description 


Flou   jiatli  Floiv   name 


(5,11 


(5,:) 


(5,3) 


(5,4) 


Ji  PCS   .ncncrat  ion 


Ribes   Rene  rat  urn 


Ribes   generation 


Ribes   generat  i  on 


Flou   (Jescr  ipt  ion 


Annual    production   of 
R.    }rtermo 


Annual    production   of 

P.    lacustro 


Annual    production   of 
R.     vlscos 1 ssimum 


Flow   equation' 


I),  or.    +    :.  15    PFS 
Annual    productjon   vf  R[>(1)    =      n 

R.    hudsonianum  FKAlM  1  ) 


R|)(. 


Rl)(5) 


R|i(  1) 


1.45    + 
0 
LRAIM- I 


4.5  5    PFS 


1(,.58 


11.  S4 


RAD  II)  =  -- 
R.A[)(  1  I  =  (! 
IWD  (  1  )    -     ■ 


411.0    +    I'.ID.I)    PFS 

0 

I  RAIM  ^1 

411. 1)   +    (,ii(l.n    I'FS" 

0 

FJJMII4  I 


;el0.9(. 


1RA1)|2)  =  • 
I.RAUC)  ^  I) 
Id^ADCl    =     ■ 


LRAIM  5  1    -    ■ 

l:RAll(5l    =    0 
i:kAn('5)    =     • 


IUAI1(4)  =  • 
FRAIMI)  =  0 
LUAIl(4|    =     ■ 


*Sec   Appendi.x    I    for   discussion   of   flow   eipiation   derivation. 


Rihes  Infection  Submodel 


The  Ribes   infection  submodel  (fig.  4)  is  composed  of  four  parts--one  for  each 
spore  stage  involved.   The  definitions  of  the  variables  used  are  given  in  table  3  and 
flows  are  described  in  table  4.   Rust  development  and  pine  infection  attributable  to 
each  of  the  four  principal  Ribes   species  of  northern  Idaho  will  be  computed  individually 
to  create  a  composite  spore  load  for  each  infection  period  b)-  summation  over  all  four 
Ribes   species.   Infection  periods  will  be  defined  during  the  input  of  weather  data. 
The  model  was  made  to  respond  to  a  variety  of  descriptions  of  infection  period,  which 
can  be  based  on  duration,  date  of  occurrence,  and  average  temperature. 
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Figure  4 . --Box-and-arrow  diagram  of  Cronartium  ribicola    infection  on  Ribes   species 

(terms  defined  in  table  3) . 
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Table  ?). --Definitions   of   variables    used   in    the    Uibes  infection   submodel 


Var i  able 


Hef i  n  i  t  i  on 


State  variables: 
X(,75)  SOURCE 
\{7b)  PASL 

.\(7  7)      AST 


X(78) 
X(79) 


ASGER 


ASTAL 


(80) 

ASI 

(81) 

USPOR 

(82) 

VUSA 

(83) 

USC.ER 

USTAL 


USl 


TMAX 


P(;ert 


TGER 


QBAB. 


X(90)      QBAB. 


Unspeeificd  source  of  aeciospores. 

Potential  aeciospore  load,  spores  per  square  centimeter. 

Number  of  aeciospores  per  sipiare  centimeter  trappcil 
in  a  given  infection  period,  spores  per  square 
centimeter  of  Ribes    leaf  (under  surface). 

Number  of  aeciospores  per  square  centimeter  that 

are  expected  to  germinate,  spores  per  square  centimeter. 

Aeciospores  e.\pected  to  produce  germ  tubes  of 
adequate  length  to  cause  infection,  spores  per  square 
centimeter. 

Aeciospores  e.xpected  to  cause  infections  during  a 
given  infection  period,  spores  per  square  centimeter. 

Urediospores  available  for  infection  from  both  aecial 
and  uredial  infections,  spores  per  square  centimeter. 

Viable  urediospores,  sjiores  per  square  centimeter. 

Urediospores  germinated  during  a  given  infection 
period,  spores  per  square  centimeter. 

Urediospores  expected  to  produce  germ  tubes  of 
adequate  length  to  cause  infection,  spores  per 
square  centimeter. 

Urediospores  exjiected  to  cause  infections  during 

a  given  infection  period,  S|iores  per  square  centimeter. 

Teliospores  -  maximum  number  available,  spores 
jier  square  centimeter. 

Probable  number  of  teliospores  available  for 
germination,  spores  per  square  centimeter. 

Teliospores  expected  to  germinate  during  a  given 
infection  period,  spores  per  scpiare  centimeter. 

Quantity  of  bas i diospores  expected  to  be  produced 
at  Ribes   hudsonianum   bushes,  spores  per  stpiare 
centimeter. 

(luantity  of  basidiospores  expected  to  be  produced 
at  Ribes   inerme   bushes,  spores  j^er  sc)uare 
cent  imeter . 

(cont  i  nucd) 


Table  3 . --Definitions  of  variables   used   in   the   Ribes  infection   submodel    (continued) 


Variable 


Definition 


State  variables 


X(91)     QBAB. 


Quantity  of  basidiospores  expected  to  be  produced 
at  Ribes   lacustre   bushes,  spores  per  square 
centimeter. 


X(92)     QBAB. 


Quantity  of  basidiospores  expected  to  be  produced 
at  Ribes   viscosissimum   bushes,  spores  per  square 
centimeter. 


B. 


X(93)     QBSAT 

User  controlled  variables 
AGMAX 

AIYR. 
1 

AMHL 


BMASS. 

1 


BSYR. 

1 


DAAl 


DAP 


DlP(DAAl) 


GPF. 

1 


Quantity  of  basidiospores  expected  at  trees, 
spores  per  square  centimeter. 


Temperature  where  aeciospore  germination  is  maximum, 
degrees  C. 

Aeciospore  infection  yield  ratio  expressed  as  infec- 
tions per  germinated  aeciospore  and  indexed  by  Ribes 
species. 

Average  maximum  hourly  load  of  aeciospores,  spores 
per  square  centimeter  per  hour. 

Biomass  of  urediospores/teliospores  produced  by  a 
single  infection  and  indexed  by  Ribes   species,  m^. 

Potential  basidiospore  yield  ratio  indexed  by  Ribes 
species ,  basidiospores/teliospore. 

Days  after  April  1  to  midpoint  of  an  infection 
period  indexed  to  infection  periods  (0  to  many/yr] . 

Date  of  aeciospore  appearance  expressed  as  days 
after  April  1  (1/yr) . 

Duration  of  infection  period,  indexed  by  infection 
period,  hours. 

Growth  point  factor,  indexed  by  Ribes   species  and 
expressed  as  Ribes   bushes/clump. 

Index  to  Ribes   species.  I    =   R.    hudsonianum,    2    = 
R.    inerme,    3    =   R.    lacustre ,    4    =   R.    viscosissimum. 


TARGET. 


TCW. 


Ribes   target,  indexed  by  species,  expressed  as 
cm^/bush. 

Average  telial  column  width,  indexed  by  species, 
expressed  in  microns. 

(continued) 
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Table  3. --Definitions   of   variables    used   in    the    Ribcs  infection   submodel    (continued) 


Variable 


Def in  i  t  ion 


User  controlled  variables 
TIP  (L)AAn 

TSAR . 


TSD 
TSL 
TSUR. 


UGMAX 


UIYR. 

1 


USD 
USL 


Average  temperature  of  an  infection  period,  indexed 
by  infection  period,  expressed  as  degrees  C. 

Teliospores  from  aeciospores  infection  ratio,  indexed 
by  Ribes    species  expressed  as  proportion  of  spore 
biomass  arising  from  aeciospore  infections  that  is 
devoted  to  production  of  teliospores. 

Average  teliospore  diameter,  microns. 

Average  teliospore  length,  microns. 

Teliospores  from  urediospores  infection  ratio, 
indexed  by  Ribes   species  exjiressed  as  proportion  of 
spore  biomass  arising  from  aeciospore  infections 
that  IS  devoted  to  production  of  teliospores. 

Temperature  where  urediospore   germination  is  maxi- 
mum, degrees  C. 

Urediospore  infection  yield  ratio,  indexed  by  Ribes 
species  and  expressed  as  infections  per  germinated 
spore . 

Average  urediospore  diameter,  microns. 

Average  urediospore  length,  microns. 


Computed  variables 


See   ajipendix    1 
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The  infection  period  defines  that  period  of  favorable  ciiv  i  foninent  a  1  c  i  i-ciini^T  ances 
during  which  spores  are  released,  transported  to  an  infection  coiii-t  ,  {.'.erini  nate ,  and 
establish  a  new  t ha  11 us. 

The  two  criteria  used  to  define  liui-ation  of  Infection  Period  (DIP)  uer-c  (1)  3 
consecutive  hours  of  assumed  IDO  jicrccnt  relative  humidity  a:'>  tletcrinincd  from  hourl\' 
precipitation  records  where  each  hourly  record  was  required  to  have  at  least  (1.01  inches 
of  rain,  and  (2)  moisture  in  tlie  woods  was  assumed  to  remain  at  or  near  100  percent 
relative  humidity  for  2   hours  after  thie  5-liour  wet  ]ieriod  if  the  period  endctl  ihiriii): 
darkness.   Tluis,  the  minimum  infection  period  was  S  hours.   \e.xt  ,  date  of  occurrence 
of  the  infection  period  was  expressed  as  number  of  Days  After  April  1  to  the  midpoint 
of  the  period  (DAAl")  .   Average  Temperature  of  an  Infection  l\"riod  (TIP)  was  obtained 
by  summation  of  daily  maximum  and  minimum  temperatures  divided  by  the  num.ber  of 
records  summed.   Tlie  infection  periods  can  he  redefined  so  that  one  could  investigate 
the  influence  of  this  definition  on  the  simulated  outcome  or  use  data  from  a  specified 
locat  ion . 

The  infection  process  will  be  divided  into  five  major  areas:  trapping,  sjiore 
viability,  spore  germination,  germ  tube  growth  rate,  and  probability  of  penetration 
(infection  yield  ratio).   Details  of  trapping  will  be  discussed  for  aeciospores, 
urediospores,  and  basidiospores.   Viability  is  assumed  to  be  controlled  by  a  time- 
dependent  function.   termination  is  divided  into  germination  lag  period  (tlie  time 
between  onset  of  conditions  for  germination  and  beginning  of  germination);  germin- 
ation period   (the  time  from  beginning  to  end  of  germination);  and  germination 
percentage.   All  three  of  these  facets  of  germination  are  easily  measured,  as  is  germ 
tube  growth  rate.   The  last  process,  probability  of  iienet rat  ion ,  will  be  considered 
as  a  catchall.   'Ve  will  assume  that  only  Infection  Period  Duration  (DIP)  nnd  Infection 
Period  Temperature  (TIP!  will  influence  the  germination  process.   Rut  all  kinds  of 
factors  from  rust  and  pine  genot\'pe  to  chemicals  applied  to  control  tlie  rust  will  be 
assumed  to  influence  probability  of  penetration.   Tliis  probabilit}'  can  be  measured  by 
supplying  optimum  temperature  and  duration  conditions,  then  varying  all  other  factors. 
We  have  accordingly  measured  Rasidiospore  Infection  Yield  (BIY)  and  Aeciospore  Infection 
yield  (AIV)  and  have  incorporated  a  place  for  Mrediospore  Infection  Yield  ratio 
(UlY),  but  have  not  measured  it.   It  is  expected  that  the  model  will  be  very  sensitive 
to  each  of  these  values.   Thus,  tliey  can  all  be  used  to  make  many  kinds  of  ad  justiiieni.  s 
to  simulate  the  influence  of  control  chemicals,  weather,  Ribes   and  pine  resistance 
genes,  and  rust  genetic  variation.   bach  specific  lY  will  be  discussed  in  tlie  apjiropri- 
ate  place. 

Within  the  commercial  range  of  western  white  pine  in  Idaho,  the  four  principal 
species  of  a  total  of  15  Ribes    species  are  R.    hudsonianum    (R .    petiolare)  ,    R.    ^'isco- 
sissimum,    R.    lacustre,    and  R.    inerine    (Mielke  and  others  19.'^7).   Intensification 
occurs  at  different  rates  on  R.    hudsonianum ,    R.    inerme ,    antl  R.    viscosissinum    (Micike 
and  others  19.s7),  but  little  if  any  intensification  occurs  on  R.    lacustre    (Mielke  .•uui 
others  1937;  Buchanan  and  Kimmey  1938).   ronsecpient  I)' ,  calculation  of  bas  i  d  i  osjiore 
loads  must  take  into  accoimt  Ribes    species,  in  addition  to  Ribes   population  densities, 
aeciospore  loads,  and  weather.   Thus,  each  state  variable  is  actual  !>■  <ine  of   a  set  of 
four  that  will  be  indexed  by  i  (Index  to  Ribes   .'Species).   This  submodel  will  be 
described  for  R.    hudsonianum    (i=l). 

The  first  problem  was  to  develop  a  model  describing  tlie  amount  of  Ribi^s    leaf 
surface  to  be  expected  for  each  of  the  species.   In  general,  the  four  Ribos    species 
under  consideration  complete  their  growth  by  the  first  of  July  in  northern  Idaho 
(Mielke  and  others  19371.   We  assumed  that  the  amount  of  Ribes   material  a\'ailabb.^  on 
July  1  will  be  available  while  aeciospores  arc  flying,  which  is  general  1_\'  about  mid- 
May  in  northern  Idaho.   Much  of  the  available  data  is  on  the  basis  of  iiidixidual 
bushes.   Mielke  and  others  (1937)  supjily  data  on  the  number  of  lea\es  pei"  bush  for 
the  four  sjiecies  and  Lachmund  (1934)  supplies  data  on  the  ave.-age  size  of  the 
leaves  for  the  four  species  (table  S). 
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Table  S . --Average   number   of  leaves   per   bush   and   average   size   of  leaves   in   square 

centimeters   for   four   Ribes  species 


Species 


Number  of 
leaves 


Leaf      Number  of 
size    leaves/bush^ 


Leaf  surface/ 
bush 


cm 


R.  hudsonianum  1 

R.  inerme  2 

R.  lacustre  3 

R.  viscosissimum  4 


385 
325 
342 
362 


35.45 

470.6 

16.7   X    10^ 

14.06 

578.9 

8.1    X    10^ 

6.68 

907.3 

6.1    X    103 

16.20 

240.2 

3.9    X    10^ 

-^Calculated  from  Lachmund  (1934,  table  2).   Includes  both  open  and  shade  forms. 
^Calculated  from  figure  3  and  table  5,  Mielke  and  others  (1937)  and  includes  open, 


shade,  and  part ial-sliade  forms, 


••I 

«!5 -:: 


We  decided  to  model  Ribes   infection  from  the  viewpoint  of  individual  infections 
(spores)  because  of  some  interesting  epidemiological  perspectives  that  came  out  of 
the  study  of  single  aeciospore  isolates  of  C.    ribicola   on  detached  R.   hudsonianum 
leaves.   These  studies  were  designed  to  investigate  the  genetics  of  C.    ribicola ,   but 
the  following  observed  features  of  the  life  cycle  of  the  rust  were  pertinent  to  our 
modeling  effort: 

1.  Rarely  does  an  aeciospore  infection  produce  teliospores  directly. 

2.  Infections  started  from  urediospores  produce  a  mixture  of  teliospores  and 
urediospores. 

3.  The  relative  proportion  of  urediospores  and  teliospores  seems  to  be  influenced 
by  leaf  physiology  because  urediospore  populations  derived  from  a  single  aeciospore 
(rust  genetics  controlled)  and  placed  on  several  single  leaves  from  one  Ribes   clone 
(Ribes   genetics  controlled),  each  in  a  separate  Petri  dish  and  all  held  at  21°C, 

will  produce  a  variable  ratio  dish  to  dish. 

4.  Temperature  seems  to  be  involved  in  some  way  because  urediospore  infections 
held  at  13°C  produce  mostly  telia,  whereas  those  kept  at  21°C  produce  mixes. 

5.  The  average  partitioning  seems  to  be  about  a  1:1  ratio  (urediospores: 
teliospores)  of  the  spore  yield  capacity  of  each  infection  on  a  biomass  basis  at 
21°C. 

6.  A  given  infection  seems  to  have  a  definite  life  expectancy,  thus  constant 
spore  production  requires  continued  reinfection. 

7.  The  stages  in  the  life  of  an  individual  aeciospore  infection  seem  to  require 

14  days  incubation,  urediospore  production  peaks  at  25  days,  trailing  to  nontransferable 
(nonviable)  urediospores  at  about  35  days  in  sealed  Petri  dishes  at  100  percent 
relative  humidity. 
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8.  The  stages  in  the  life  of  an  individual  urediospore  infection  are  IJ  da>'s 
incubation  followed  by  urediospore  and  teliospore  appearance  at  11  days  and  then 
peak  urediospore  and  teliospore  production  between  25  and  28  days. 

9.  Teliospores  are  produced  in  the  enclosed  Petri  dislics  and  i;"^'!"'"  i  nate  as  soon 
as  mature,  whether  they  are  held  at  a  constant  21°C,  kept  at  13°C  nights  and  21°(: 

'days,  or  Iield  at  a  constant  13°C. 

These  observations  lead  to  a  description  of  the  life  cycle  of  C.  rihicola    that 
is  somewhat  different  from  current  belief  fVan  Arsdel  and  others  1956).   The  current 
thought  is  that  a  13°-16°C  night  temperature  is  required  to  trigger  formation  of 
significant  numbers  of  teliospores  and  that  about  30  days  are  required  from  inoculation 
with  aeciospores  to  formation  of  teliospores.   Also,  the  teliospores  typically  show 
up  about  2  weeks  after  the  13°C  night  temperatures  are  initiated.   Based  on  our 
observations,  we  believe  that  the  "trigger"  is  a  temperature  shock  to  tlie  urediospores 
produced  by  the  initial  aeciospore  infection  and  a  temperature  di'op  that  causes  the 
formation  of  dew  needed  for  the  urediospores  to  reinfect.   Then  tlie  lower  temperatures 
cause  the  new  uredial  infections  to  produce  mostly  teliospores.   The  net  result  is  a 
new  cycle  of  infections  from  urediospores,  which  in  turn  produce  teliospores.   In 
our  experience  with  detached  leaf  culture  of  C.    ribicola,   we  have  tried  repeatedly 
to  obtain  teliospores  by  using  aecial  infections  and  a  temperature  trigger.   I'oor 
yields  were  obtained  until  we  began  making  urediosi)ore  inoculations.   Then,  teliospores 
were  produced  in  as  little  as  14  days  after  urediospore  inoculation,  even  under  a 
constant  21°C. 

Our  work  with  detached  leaf  culture  has  also  led  to  our  strong  feeling  that  a 
given  infection  produces  spores  and  then  dies.   Thus,  cont  niuat ion  of  the  rust  over 
the  summer  requires  the  proper  matching  of  periods  favorable  for  infection  and  of 
viable  inoculum.   More  on  this  later. 

With  that  view  of  the  life  cycle  of  C.  ribicola    in  mind,  we  went  to  the  literature 
in  search  of  more  information.   In  1918,  L.  H.  Pennington  and  W.  H.  Snell  studied 
uredial  generations  in  the  Adirondack  region  of  \'ew  York  State  (reported  liy  Spaulding 
1922).   They  observed  seven  periods  of  urediospore  production.   The  first  generation 
started  on  May  28  and  reached  a  peak  on  June  12,  14  days  later.   Tlie  second  generation 
peaked  about  June  27,  and  the  third  peaked  ai:)Out  July  12.   In  order  to  assess  the 
timing  accurately,  one  would  have  to  have  the  timing  of  the  infection  pericnis.   Rut, 
the  appearance  and  general  features  of  Pennington  and  Snell 's  periods  seem  to  match 
well  with  stages  of  our  hypothesized  life  cycle.   Also,  the  appearance  of  telia  in 
(the  above  case  matched  our  observations.   Telia  apj^eared  first  on  June  28  with  the 
(Becond  generation  of  urediospores  and  tlien  appeared  with  all  subsecpicnt  generations. 

If  a  specific  niching  of  viable  urediospore  populations  and  infection  periods  is 
required  for  the  successful  increase  of  C.  ribicola ,    then  several  factors  about  the 
epidemics  on  Ribes   become  evident.   First,  each  individual  group  of  aecial  infections 
aas  a  set  of  future  infection  periods  with  which  it  must  match  for  greatest  buildup. 
Thus,  the  more  cohorts  started,  the  higher  the  chance  of  a  matching  weather  sequence. 
Alith  this  thought  in  mind,  some  data  from  1931  through  1936  (Stil  linger  )  were  ana- 
lyzed.  Occurrence  of  wet  periods  and  the  level  of  Ribes    infection  were  given  for  each 
if  the  6  years.   There  appeared  to  be  a  high  degree  of  correspondence  between  the 
length  of  dry  period  between  wet  periods  and  the  level  of  infection.   A  21-day  cycle 
3f  wet  periods  throughout  the  summer  seemed  to  be  related  to  highest  levels  of 
;eliospore  production. 


i  Stillinger,  C.  R.  1936.  Infection  studies  at  Newman  Lake,  Washington  1936, 
b.  128-137.  In  1936  annual  report,  Spokane  Office  of  Blister  Rust  Control  (Mimeo- 
graphed).  U.S.  Dep.  Agric.  Bur.  Plant  Quar. 
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If  the  above  is  true,  then  the  number  and  temporal  distribution  of  periods  of 
infection  by  aeciospores  becomes  important.   Knowledge  about  the  relative  abilities 
of  aeciospores  and  urediospores  to  spread  the  rust  also  becomes  important.   During 
the  course  of  our  investigations  into  single-spore  cultures  of  the  rust,  we  have 
transferred  thousands  of  single  aeciospores  and  hundreds  of  single  urediospores.   A 
fine  glass  needle  about  the  same  diameter  as  the  spores  being  transferred  was  used. 
The  aeciospores  and  urediospores  exhibit  strikingly  different  behavior  patterns 
toward  electrostatic  forces  and  water.   Aeciospores  appear  to  have  an  active  electro- 
static behavior.   These  spores  are  either  attracted  to  or  repelled  by  the  glass 
needle.   Sometimes  it  is  nearly  impossible  to  remove  them  from  the  glass  needle  and 
at  other  times  it  is  nearly  impossible  to  pick  them  up.   In  regard  to  water,  aeciospores 
seem  to  be  repelled  by  water.   It  is  very  difficult  to  make  an  aeciospore  adhere  to 
the  surface  of  a  large  (lOOy  diameter)  water  drop.   They  are  most  easily  placed  on  a 
leaf  surface  covered  with  droplets  about  lO-lSp  in  diameter.   They,  of  course, 
require  free  water  for  germination;  but  their  electrostatic  and  water  behavior 
patterns  fit  the  theory  of  wind  transport.   Also,  aeciospores  seem  to  come  from  the     | 
aecium  in  a  dehydrated  state  (they  look  like  deflated  footballs).   They  then  hydrate 
(inflate)  quickly  when  placed  on  a  wet  leaf. 

On  the  other  hand,  urediospores  show  the  opposite  behavior.   These  spores  are 
easy  to  pick  up  with  the  glass  needle  --  they  appear  to  be  much  less  active  electro- 
statically.  When  placed  on  the  surface  of  a  water  drop,  they  quickly  leave  the 
needle  and  slowly  drift  to  the  junction  between  the  drop  surface  and  the  leaf  surface. 
Also,  urediospores  seem  to  be  turgid  when  in  association  with  the  sorus ,  but  they 
quickly  dry  out  with  a  complete  loss  of  viability  when  placed  in  a  dry  environment. 
We  have  noted  much  better  inoculation  success  when  urediospores  have  been  transferred 
en  masse  to  water  drops  rather  than  to  the  wet  surface  of  a  leaf. 

The  water  and  electrostatic  behavior  differences  between  the  two  kinds  of 
spores  lead  us  to  believe  that  aeciospores  are  a  dispersion  spore-type  influenced 
greatly  by  the  wind  and  that  urediospores  probably  are  moved  very  little  by  the  wind, 
but  are  readily  transported  by  insects  and  water.   Thus,  urediospore  spread  should  be 
limited  largely  to  bushes  that  were  the  site  of  an  aeciospore  infection.   A  search 
of  the  literature  shows  that  the  two  spore  stages  function  as  expected.   Viable 
J;''      aeciospores  have  been  known  to  travel  up  to  400  miles  (Mielke  1943)  .   Urediospores 
■1^;-      have  been  trapped  up  to  1,000  yards  from  a  known  source  (Spaulding  1922),  but  their 

I'o effectiveness  in  causing  disease  at  this  distance  is  unknown.   Snell  (1920)  reported 

that  most  urediospore  spread  was  limited  to  the  bush  infected  by  aeciospores.   It 
r''!|!      seems  likely  to  us  that  spread  is  usually  limited  to  within  the  bush  and  we  will 

H;,^'!!;      model  accordingly. 

**■  Ji"!  1 

"v;i';  Variation  in  incubation  periods ,, spore  yields,  ratio  of  urediospores  to  telio- 

•"<*'"'      spores  in  both  aecial  and  uredial  infections,  spore  echinulation  patterns,  and 

telial  column  length  and  width  all  could  modify  the  epidemiological  fitness  (Nelson 
and  McKenzie  1973;  Nelson  1973)  of  the  Ribes   portion  of  the  life  cycle  of  C.  ribicola . 
Changes  here  cause  changes  in  the  sporidial  load  faced  by  the  pine  host.   Many 
opportunities  may  exist  to  modify  and  to  monitor  these  epidemiological  fitness 
traits.   Although  these  aspects  are  not  included,  such  knowledge  should  eventually  be 
integrated  into  the  rust  management  plans  to  fine  tune  the  model. 

Next,  we  wanted  to  develop  a  model  of  the  level  of  infection  on  Ribes   leaves  or, 
more  specifically,  the  level  of  basidiospore  inoculum  to  expect  in  differing  seasons 
and  localities  for  each  infection  period.   The  level  measured  by  percentage  of  leaf 
surface  bearing  telia  could  not  be  used.   This  measure  varies  a  great  deal,  depending 
on  the  interaction  of  weather  and  site  (Mielke  and  others  1937) ,  and  on  the  susceptibil- 
ity of  the  Ribes   leaves  to  aeciospore  infection.   Leaf  susceptibility  is  related 
somewhat  to  leaf  age  and  varies  from  species  to  species  and  from  open  to  shade  form 
leaves  (Lachmund  1934).   The  model  should  be  able  to  process  Ribes   species  distribution 
patterns  and  environmental  input  data  into  predicted  basidiospore  loads  season  by 
season  and  locality  by  locality. 

18 


i.  rj'i ' 


form 
the  s 
in  fee 
tel  io 
are  i 
viabi 
from 
singl 
shift 
mai  or 


First,  we  assume  that  all  the  aecial  infections  from  a  single  infection  [XM-iod 
a  single  cohort.   Then,  eacli  cohort  can  he  tliouglit  of  as  develoiiing  according,  to 
cheme  shown  in  figure  5.   Study  of  the  figure  shows  the  importance  o\'   iiatt-i-n  of 
tion  period  occurrence.   Temporal  variation  of  aeciosj^ore ,  urcdiospore,  and 
spore  viability  and  occurrence,  that  could  not  be  incorporated  into  the  figure, 
Uustrated  in  figures  6  and  7.   We  assume  that  the  urcdiospore  and  teliospore 
lity-occurrence  curves  are  sharp.   The  assumption  is  based  on  data  obtained 
Spaulding  (1922),  Spaulding  and  Rathbun-Hravatt  (1925bl,  and  ou^   experience  with 
e  aeciospore  cultures.   If  our  assumptions  are  correct,  it  is  obvious  that 
s  of  a  few  days  one  way  or  the  other  in  the  infection  period  peak  can  cause 
differences  in  the  amount  of  multiplication  and  the  ultimate  level  of  basidiospore 
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Figure  5 . --Theoret ical  distribution  of  individual  cohorts  of  Cronartium  ribicola 

infection  on  Ribes   sp.   Assumptions:   (IJ  aeciospore  presence  is  April  1  to  ^lay  7,\  ; 
(2)  aeciospore  infections  produce  only  urediospores ;  (31  urediospore  infection 
produces  1:1  ratio  of  urediospores  to  teliospores;  and  (4)  urediospore  viability  of 
one  cohort  set  at  45  days  and  teliospore  viability  set  at  70  days.   Occurrence  oi'   wet 
periods  as  in  northern  Idaho (1934) and  according  to  Paine  (1947)  low  pine  infection 
occurred. 
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inoculum.   Figure  5  also  shows  why  1934  was  a  poor  pine  infection  year  (Paine  1947). 
A  good  early  buildup  was  followed  by  an  absence  of  wet  periods  when  the  teliospores 
were  present.   If  instead,  an  infection  period  had  fallen  at  about  day  110  (late 
July)  a  massive  buildup  would  have  resulted.   Then,  an  infection  period  of  sufficient 
duration  in  mid-August  would  have  resulted  in  high  pine  infection.   The  Ribes   infection 
submodel  (fig.  4)  was  developed  to  operate  on  the  basis  of  infection  periods  that 
can  be  defined  in  different  ways  as  already  discussed.   The  current  form  makes  use 
of  days  after  April  to  midpoint  of  infection  period  (DAAl),  Duration  of  Infection 
Period  in  hours  (DIP) ,  and  average  of  maximum  and  minimum  Temperatures  for  the 
Infection  Period  (TIP) . 
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Figure  6. --Assumed  distribution  of  Cronartium  ribicola   aeciospores  as  based  on 

description  of  occurrence  by  Mielke  and  Kimmey  (1935).   Curve  produced  by  Weibull 
function  (equation  2   where:   a  =  0,  b  =  22.0,  c  =  3.6,  and  x  =  DAPA). 


1'    .Hh 


2   0.4  - 


O 
o 

Q. 


lospores 


DAYS  AFTER  INOCULATION 

Figure  7. --Assumed  distribution  of  urediospore  and  teliospore  availability  based  on 

data  and  descriptions  of  Spaulding  (1922)  and  Spaulding  and  Rathbun-Gravatt  (1925b). 

(proportion  urediospores  =  equation  2  where  a  =  12,  b  =  20,  c  =  2.5,  w  =  2.477,  and 

X  -   DAYS;  proportion  teliospores  =  equation  2  where  a  =  16,  b  =  27.5,  c  =  2.25, 
w  =  2.416,  and  x  =  DAYS) . 
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The  number  of  infections  expected  from  an  aeciospore  load  expressed  as  spoi-os 
per  square  centimeter  will  be  calculated  for  each  species.   If  the  amount  of  infection 
from  each  cohort  of  aeciospore  infections  is  calculated  separately,  then  tlie  entire 
season  can  be  simulated  for  each  species,  R.    hudsonianum   generally  inhabits  creek 
bottoms  and  small  openings  in  the  forest.   Lloyd  (1961)  showed  that  dew  is  found  in 
canyon  bottoms  more  often  than  it  is  in  upland  areas  and  that  once  formed  it  lasts 
longer^   Thus,  we  assumed  that  this  species  would  be  subject  to  longer  infection 
periods  (3  hours  longer)  than  the  other  tliree,  which  are  generally  Uj'land  species. 
No  infections  will  occur  after  an  infection  period  of  less  duration  than  the  time 
needed  for  spores  to  gei-minate  and  penetrate  Ribes    leaves. 

The  box-and-arrow  diagram  will  now  be  described  flow  by  flow  in  words.   Rut, 
this  submodel  will  cycle  by  infection  periods  and  Ribes   species  whereas  the  others 
cycle  once  annually. 


AECIOSPORE  INEECTION 

Computation   of  potential    aeciospore   load    (75^76,  fig.  4).   Prediction  of  average 
number  of  infections  per  bush  requires  knowledge  of  aecios]")ore  load,  but  this  value 
is  not  presently  available  because  it  lias  not  been  measured.    Aeciospore  loads 
should  be  monitored  for  several  years  at  a  range  of  sites.   In  the  absence  of  data, 
we  will  assume  an  Aeciospore  average  Maximum  Hourly  Load  (AMHL)  that  sets  maximum 
Potential  Aeciospore  Load  (PASL)  for  an  area. 

Computation   of  number  of  aeciospores    trapped  per  cm     of   Ribes  leaf  surface 
j  during  a   specified  infection  period    (76^-77)  .   This  relationship  was  developed  from 
■the  results  of  Mielke  and  Kimmey  (1935),  who  listed  aeciospore  appearance  dates, 
j date  of  peak  cast,  and  end  of  cast  at  seven  sites  over  a  number  of  years.   Ke  adjusted 
I  all  their  observations  to  a  common  blister-appearance  time  and  calculated  the  average 
jnumber  of  days  to  beginning  of  aeciosjiore  cast  (16  days),  number  of  days  to  peak 
least  from  first  appearance  (21  days),  and  duration  of  the  cast  (49  days).   These 
features  were  used  to  develop  the  assumed  availability  curve  shown  in  figure  6. 

I      Calculation   of  proportion  of   trapped  aeciospores   expected    to   germinate   during  a 
'given   infection  period    (7  7->78)  .   To  incorporate  infection-period  temjierature  as  well 
as  duration  into  the  model,  aeciospore  and  urediospore  germination  tests  were  conducted 
Fresh  aeciospores  or  urediospores  were  mixed  with  distilled  water  and  sprayed  on 
water  agar  in  Petri  dishes.   Fifteen  inoculated  plates  were  placed  in  incubators  set 
at  5-degree  intervals  from  0°  to  30°C  so  that  one  observation  per  temperature  per 
hour  from  2  hours  to  16  hours  and  one  observation  at  24  hours  after  start  of  germina- 
tion could  be  made.   Fach  plate  was  discarded  after  percent  germination  (based  on 
100  spores)  and  germ  tube  length  (based  on  20  spores)  were  recorded.   The  results 
are  presented  as  temperature-dependent  plots  in  figures  8,  9,  10,  11,  12,  13,  and 
14.   Curves  in  figures  7,  8,  11,  13,  and  14  were  developed  using  the  Weibull  function 
(eq.  2  appendix  I)  (Bailey  and  Oell  1973). 
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Figure  8. --Proportion  germi- 
nation of  Cronartium  ri- 
bicola   aeciospores  as  a 
function  of  temperature. 
Solid  line  shows  optimum 
at  20°C  according  to 
author's  unpublished  data 
and  dotted  line  shows  op- 
timum at  16°C  according 
to  Van  Arsdel  and  others   | 
(1956).   Optimum  is  varia- 
ble to  simulate  a  variable 
epidemiological  fitness 
trait,  (proportion  =  equa- 
tion 2  where:  a  =  3.0, 
b  =  IVBA,  c  =  WCA,  w  =  10.3, 
X  =  temperature)  . 
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Figure  9. --Relationship 
between  temperature  and 
period  of  germination  lag 
of  Cronartium  ribicola 
aeciospores.   Data  points 
from  author's  unpublished 
data;  curve  fit  manually. 


Figure  10. --Relationship 
between  temperature  and 
period  of  germination  of 
Cronartium  ribicola   aecio- 
spores and  urediospores. 
Data  points  from  author's 
unpublished  data;  curve 
fit  manually. 
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Figure  1 1  .  - -Grt:)wth 
rate  of  Cronartium 
ribicQla   aeciospore 
germ  tubes.   Data 
points  from  author's 
unpublished  data 
and  curve  produced 
by  the  Wei bull 
function  fe([uation 
2  where  a  =  3.5, 
b  =  15.0,  c  =  3.5, 
w  =  12b. 57,  and 
X  =  temperature) . 
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igure  12 . --Relation - 
ship  between  temp- 
erature and  period 
of  germination  lag 
of  Cronartium   ribi- 
cola   urediospores . 
Data  points  from 
author's  unpublished 
data;  curve  fit 
manually. 
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'■igure  13. --Growth 
rate  of  Cronartium 
ribicola   uredio- 
spore  germ  tubes. 
Data  points  from 
author's  unpublished 
data  and  curve  pro- 
duced by  Weibull 
function  (equation 
2 ,  where  a  =  3.5, 
b  =  15.0,  c  =  3.5, 
w  a  136.23,  and 
X  =  temperature) . 
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Figure  14 . --Germination  of  Cron- 
artium  ribicola   urediospores 
as  a  function  of  temperature. 
Dotted  line  shows  optimum  at 
15°C  according  to  author's  un- 
publislied  data  and  solid  line 
shows  optimum  at  20°C,  accord- 
ing to  Van  Arsdel  and  others 
(1956).   Optimum  is  variable 
to  simulate  a  variable  epi- 
demiological fitness  trait 
(curves  simulated  by  Weibull 
function,  equation  2,  where 
a  =  7,  b  =  WBU,  c  =  WCU,  w  = 
10.3,  X  =  temperature). 
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Three  features  of  germination  were  utilized:   first,  the  proportion  germinated 
as  a  function  of  temperature  (fig.  8);  second,  the  period  of  germination  (fig.  9); 
and  third,  the  amount  of  time  a  population  of  spores  required  to  complete  germination 
as  a  function  of  temperature  (fig.  10). 

Computation   of  number  of  germinated   aeciospores   expected    to  produce   germ   tubes 
of  sufficient   length   for  penetration    (78'*79)  .   It  has  been  observed  that  germ  tubes 
grow  flat  on  the  surface  of  Ribes   leaves  and  that  penetration  occurs  through  stomata 
and  then  only  when  the  germ  tube  passes  directly  over  the  stomatal  opening  (personal 
communication,  J.  Y.  Woo).   The  germ  tubes  seem  to  grow  to  a  maximum  length  of 
around  500  to  600y  (authors'  unpublished  data).   Also,  germ  tubes  of  less  than  lOOy 
or  more  than  300y  in  length  are  seldom  seen  to  penetrate  (personal  communication,  J. 
Y.  Woo).   Given  a  temperature  dependent  GERm  Tube  growth  Rate  of  Aeciospores  (GF.RTR.'\) 
(fig.  11),  probability  of  penetration  by  a  germinated  spore  should  be  a  function  of 
germ  tube  length  and  relative  densities  of  stomata  and  aeciospores. 

Computation   of  expected  aeciospore   germ   tube  penetrations    that   establish   infection 
(79^80).   We  have  determined  Aeciospore  Infection  Yield  Ratio  (AIYR(ISP))  on  detached 
Ribes  hudsonanium   leaves,  but  Lachmund's  (1934)  study  of  aeciospore  infection  provided 
us  with  some  additional  information.   His  data  were  presented  as  bar  graphs  of  infection 
spots  per  square  inch  obtained  from  artificial  inoculation  of  leaves  in  10  age  groups 
from  four  Ribes   species.   Values  were  read  from  the  bar  graphs,  averaged  over  all 
leaf  ages  and  leaf  types  (open  form  and  shade  form),  and  converted  to  infections  per 
square  centimeter  (table  6) .   A  second  study  (Pierson  and  Buchanan  1938a)  provides  a 
good  comparison  of  aeciospore  and  urediospore  infection  levels.   In  the  spring  of 
1976,  we  made  7,500  single  spore  transfers  and  obtained  69  takes  (authors'  unpublished 
data).   If  we  assume  a  similar  success  ratio  in  the  wild,  we  can  expect  0.009  infec- 
tions for  every  aeciospo-re  trapped  by  the  lower  surface  of  R.   hudsonianum   leaves. 

We  felt  that  this  single  determination  of  infection  yield  would  be  insufficient; 
so  some  infection  experiments  were  conducted  on  detached  R.   hudsonianum   leaves.   All 
the  tests  were  based  on  two  Ribes   clones  and  aeciospores  from  a  single  canker.   This 
canker  was  on  a  Pinus  flexilis   seedling  that  was  inoculated  in  one  of  our  large-scale 
progeny  tests.   Ten  leaves  were  collected  from  each  of  two  Ribes   clones  growing  in  a 
greenhouse.   Each  leaf  was  placed  on  a  wet  filter  paper  in  a  Petri  dish.   One  rubber- 
cement-coated  cover  slip  was  placed  next  to  the  leaf  and  inside  the  Petri  dish.   A 
water  suspension  of  aeciospores  was  sprayed  onto  the  leaf  and  cover  slip  with  an 
aerosol-powered  chromatography  sprayer.   The  Petri  dish  was  then  sealed  and  placed  in 
a  growth  chamber  held  at  a  constant  17°C  and  16-hour  photoperiod  of  about  600  f c . 
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Germination  of  the  spores  was  recorded  after  24  hours  and  infection  after  \(^   days  as 
number  of  pustules  per  square  centimeter  of  leaf  surface.   We  assumed  one  pustule  pei' 
penetration  and  the  results  are  sliown  in  table  7.   Hvidently  t'nere  is  some  sort  of 
specific  L^enetic  interaction  between  Ribes   and  C.  ribicola ,    since  we  obtained  i\ood 
infection  on  clone  1  and  no  infection  on  clone  2.    We  do  not  Isiiow  the  extent  of  the 
genetic  interaction  or  its  influence  on  the  epidemic. 


Table  b. --Relative   levels   of   Cronartium  ribicola  aeciospore   and   urediospore   infection 

on    the    four  principal    Ribes  species   of  northern    Idaho 


Species 


Aeciospore  infecti 


ons 


P 

or  cm-^ 

Per  cm-^ 

ISP 

leaf 

Re 

lat  ive 

leaf 

1 

1 

15.89 

1  .  (10 

-    5 .  8 

-} 

1 

14.57 

0.8b 

5 

1 

7.15 

.42 

4 

1 

4 .  h5 

.27 

Urediospore  infections 


Per  cm"  leaf 


R.  hudsonianum 

R.  inerrne 

R.  lacustre 

R.  viscosissimum 


5.7 


^Calculated  from  Lachmund  (1954). 

^Calculated  from  Picrson  and  Buchanan  (1958a). 


Table  7 . --infection   ratio   of   Cronartium  ribicola  aeciospores   on   detached   leaves   of 

Ribes  hudsonianum  obtained    from   two   clones 


Clone  1 


Clone 


Percent    Number 
Leaf    germinated   germi- 
number  nated/cm-^ 


Infections/   Spores/   Percent    Number    Infections/ 
cm'^       infec-   germinated   germi-     cm' 
ion  nated/cm- 


1 

38 

2 

53 

3 

57 

4 

70 

5 

.60 

6 

62 

7 

61 

8 

72 

9 

62 

10 

73 

250 
420 
415 
605 
175 
225 
215 
245 
255 
225 


21 

11.9 

43 

295        ( 

20 

21.0 

55 

160       ( 

90 

4.0 

54 

1 35        ( 

9 

67.2 

56 

145       ( 

13 

15.5 

60 

1 35        ( 

34 

6.6 

70 

190       ' 

0 

0.0 

66 

1 35        ( 

10 

24.5 

51 

155        ( 

14 

18.2 

45 

75        ( 

1 

225.0 

44 

140       ( 
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Computation   of  urediospore  production   by   infections   caused  by   aeciospores    (80^81). 

Our  goal  was  to  simulate  curves  of  teliospore  availability  such  as  those  published 

by  Kimmey  (1945).   These  curves  are  not  available  for  our  species  and  conditions. 

We  also  lack  information  on  the  role  of  leaf  drop  and  relative  yields  of  urediospores 

and  teliospores  by  an  infection  developing  from  an  aeciospore  as  discussed.   Regarding 

leaf  drop,  we  will  assume  for  the  present  that  our  viability-occurrence  curves  (fig. 

7)  will  be  sufficient.   Regarding  urediospore-teliospore  partitioning, we  will  include 

a  variable  ratio  of  urediospores  to  teliospore  production  for  both  uredial  and 

aecial  infections  (TSAR.   and  TSUR.l  (see  table  3  for  definitions!. 

11 

We  relied  on  our  single-aeciospore-culturing  experience  for  many  of  the  details 
of  partitioning  spore  production.   A  single  aeciospore  infection  on  a  detached  R. 
hudsonianum   leaf  can  produce  about  12,000  urediospores,  according  to  our  visual 
estimates.   We  also  estimate  that  a  single  urediospore  infection  under  similar 
conditions  can  produce  about  10  telial  columns,  if  no  urediospores  are  produced.   If 
urediospores  average  15u  x  32iJ  (Colley  1918),  then  12,000  spores  =  68xl0^y2   of 
spore  volume.   Also,  we  find  that  teliospores  average  about  lOu  x  40y  (authors' 
unpublished  data)  and  that  infections  on  R.   hudsonianum   produce  telial  columns  that 
average  lOOu  in  diameter  and  900y  in  length.   Thus,  10  telial  columns  =  a  yield  of 
spore  volume  of  TOxlO^y^.  The  two  estimated  values  are  in  close  agreement. 

The  size  of  the  telial  columns  produced  by  C.  ribicola   on  the  different  Ribes 
species  varies.   Mielke  and  others  (1937)  describe  the  size  differences  in  qualitative 
terms.  R.    hudsonianum   produced  large  and  closely  spaced  columns.  R.    inerme   produced 
somewhat  more  sparaely  spaced,  but  longer  columns.  R.    viscosissimum   produced  short 
stout  columns  more  sparsely  spaced  than  those  of  R.    inerme.      R.    lacustre   produced 
sparsely  spaced  columns  that  were  longer  than  the  others,  but  thinner.   These  qualita- 
tive descriptions  were  used  to  construct  some  estimated  quantitative  dimensions  in 
conjunction  with  two  pieces  of  quantitative  data  that  were  available.   Colley  (1918) 
states  that  telial  columns  average  about  lOOy  in  diameter  and  may  be  up  to  2,000y  in 
length  although  both  length  and  diameter  vary  greatly.   Taylor  (1922)  estimates  that 
1  in^  of  fully  infected  R.    lacustre   leaf  surface  will  produce  281,280  sporidia  at 
6,000  sporidia  per  column.   These  values  lead  to  about  seven  columns  per  square 
centimeter  (calculated  by  the  authors) . 


"|p,„|^  Mielke  and  others  (1937)  describe  telial  production  on  the  four  Ribes   species  on 

a  scale  based  on  relative  mass  of  telial  columns  per  unit  area.   With  R.    lacustre   as 

jjf'*"        I,    R.    viscosissimum   was  2,  R.    inerme   was  12,  and  R.    hudsonianum   was  20. 

•«'  ".'>'« ' 

jj 'i'' j  1  Teliospores  are  packed  rather  tightly  into  the  columns  and  are  of  a  somewhat 

irregular  shape.   If  we  measure  the  total  length  of  a  chain  of  teliospores  and  divide 
by  the  number  in  the  chain,  however,  we  find  that  teliospore  length  averages  about 
40y.   If  we  assume  that  spore  size  is  invariate  over  Ribes   species, then  we  can  make 
some  estimates  about  column  dimensions  based  on  our  current  information  and  estimate 
the  number  of  teliospores  per  column  for  each  Ribes   species.   The  estimated  dimensions 
are:  Ribes   hudsonianum   lOOy  x  900y;  R.    lacustre   50y  x  l,200y;  R.    viscosissimum   lOOy 
X  450y;  and  R.    inerme    lOOy  x  l,200y. 

If  the  R.    hudsonianum   values  are  taken  as  1,  the  relative  mass  values  for  the 
other  species  become  (1)  R.    lacustre   0.05,  (2)  R.    viscosissimum   0.1,  and  (3)  R. 
inerme   0.6.   Let  us  assume  that  these  mass  values  represent  a  measure  of  the  relative 
production  capabilities  of  the  different  Ribes   species.   The  rust  should  be  studied 
on  each  Ribes   species  to  determine  the  relative  influence  of  Ribes   species  and 
environment  on  telial  column  parameters  and  spore  biomass  production.   Some  under- 
standing of  within-species  variation  and  variation  within  different  combinations  of 
rust  and  Ribes   is  also  needed.   We  will  assume  that  all  species  produce  the  same  size 
teliospores  and  urediospores,  but  that  the  productivity  and  telial  column  size  and 
diameter  varies  among  species.   If  R.  hudsonianum   can  produce  70xl0'^y^  of  spore 
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volume  yiQY    Liifection,  then  R.    lacustre   can  produce  .■^.  SxlO^^u  ^  (  7(1.\  1  Ow  •  0.  OS  )  ,  R. 
viscosissimuw   7x10*^1]  ,  and  R.    inerme    -\2xlO^'\i    .      Tliese  values  complete  those  necessary 
to  model  the  rust  on  Ribes. 

If  each  aeciosporc  infection  is  assumed  to  produce  a  ,i;iven  amount  of  bioloiMcal 
material  (BMASS.l,  as  discussed,  this  yield  can  be  in  the  I'orm  of  urediospores  or 
teliosporcs.   Our  evidence  indicates  that  infections  rcsultint^  from  aeciospores 
behave  differently  than  infections  arising  from  urediospores  in  regard  to  the  relative 
proportions  of  urediospores  and  teliosporcs.   We  will  use  the  input  variables  Telio- 
Spores  from  Aeciospores  Ratio  (TSAR.)  and  TelioSpores  from  Urediospores  Ratio  (TSUI'!.) 

to  control  the  partitioning  of  the  infection  production  potential  for  tlie  two  kinds 
of  infections  on  the  four  Ribes    species.   Germination  lag  and  germ  tube  growtli  are 
used  in  the  same  way  to  model  urediospore  infection  as  to  model  aeciosporc  infection, 
but  the  functions  are  different  as  illustrated  in  figures  12  and  13. 

Computation   of  number  of  germinable    urediospores   in   a    given   infection  period 
(81^82).   Out  of  all  the  urediospores  produced  by  a  certain  cohort,  the  proportion 
viable  (UV)  is  determined  by  the  spore-age  relat ionsliip  shown  in  figure  7. 

Computation   of  number  of   urediospores    that   germinate   during  a    given   infection 
period  per  square  centimeter  of   Ribes  target    (82^85).   Tlie  proportion  of  viable 
urediospores  per  square  centimeter  of  leaf  surface  that  will  be  expected  to  germinate 
in  any  given  infection  period  of  unlimited  duration  will  be  provided  b)'  tlie  function 
illustrated  in  figure  14.   The  interaction  of  rust  genes  and  temperature  is  assumed 
to  control  this  function. 

Computation  of  number  of  germinated  urediospores  expected  to  provide  germ  tubes 
of  sufficient  length  for  penetration  (83^84).  The  rationale  is  the  same  as  for  flow 
(78-79) . 

Computation   of  number   of  infections   caused  by    urediospores   during  a    given 
infection  period    (84-8S).   An  infection  yield  ratio  is  used  to  control  this  flow  as 
it  was  for  flow  (79-80) . 

Computation   of  number   of   urediospores   arising   from   urediospore   infection    (8S-S1). 
Urediospores  are  produced  by  infections  arising  from  urediospores  as  well  as  aecio- 
spores.  So,  this  portion  of  the  model  is  recycled  through,  this  feedback  flow. 


PRODUCTION  or  TLI  KJSI'OKES 

Computation   of  number  of   teliospores   expected    to   arise    from  aeciosporc    (80»S(i) 
and   urediospore    (85-86)  derived   infections .      The  number  of  potential  teli spores 
(TMAX)  is  calculated  from  a  summation  of  spore  biomass  left  after  removal  of  uredio- 
spores.  Remember  that  teliospores  can  come  from  infections  that  resulted  from  Ixitli 
aeciosporc  and  urediospore  infection;  tiuis,  tlie  two  flows  are  considered  in  taiulnm. 


]BASII)IOSPOR[:  PRO[)U( HON 

Computation   of  number  of   teliospores    viable    in   a    given    infection   period    (8(r'87) 
iTeliospore  viability  varies  with  age  (fig.  7)  and  temperature  (.luring  formation  (Van 
Arsdel  and  others  1956);  thus  a  viability  function  is  necessar\'.   In  northern  Idaho, 
the  temperature  seldom  exceeds  the  limit  critical  to  formation  viabilit)'  (55°C) ;  so, 
we  incorporated  only  the  teliospore-age  variable  at  this  time. 

27 


Computation   of  number  of   teliospores   expected    to   germinate   in   a    given   infection 
period    (87->88) .   Teliospores  germinate  to  produce  basidiospores .   Assuming  that  the 
number  of  teliospores  per  square  centimeter  of  Ribes   leaf  is  known  for  each  Ribes 
species,  what  quantity  of  basidiospores  can  be  expected?  A  model  of  teliospore 
germination  was  developed  that  yields  percent  of  teliospores  germinated  (PCAST)  as  a 
function  of  infection  period  duration,  teliospore  column  diameter,  and  teliospore 
diameter.   The  detailed  construction  of  this  model  is  given  in  appendix  III. 

Computation   of  number  of  basidiospores  produced   for  each   square   centimeter  of 
underside  leaf  surface  of   Ribes  hudsonianum  per  infection  period    (88^-89)  .   Each 
germinating  teliospore  can  produce  a  maximum  of  four  basidiospores,  but  under  natural 
conditions  we  know  very  little  about  how  many  are  actually  produced  per  teliospore. 
So,  we  elected  to  reserve  a  spot  for  an  input  variable  called  BasidioSpore  Yield 
Ratio  (BSYR.),  which  is  expressed  as  basidiospores  per  teliospore. 

Computation  of  number  of  basidiospores  produced  for  each   square   centimeter  of 
underside  leaf  surface  of   R.  inerme  per  infection  period    (88->90)  .   This  flow  is  a 
repeat  of  flow  (88-*'89)  with  a  repeat  of  all  flows  between  77  and  88  with  changed 
parameters  to  match  R.    inerme. 

Computation   of  number  of  basidiospores  produced  for  each   square   centimeter  of 
underside  leaf  surface  of   R.  lacustre  per  infection  period    (88^91).   Same  explanation 
as  previous  flow. 


(ijl  I 
iill  I 


Computation   of  number   of  basidiospores  produced   for   each   square   centimeter  of 
underside  leaf  surface  of   R.  viscossisimum  per  infection  period    (88'>92)  .   Same 
explanation  as  previous  flow. 

DISTRIBUTION  OF  BASIDIOSPORES  TO  PINE  TREES 


■'1 ;: ; 


Computation   of  number   of  basidiospores  per   square   centimeter  of  flat   surface   at 
the  white  pine   tree    [89,  90,  91,  92->-93)  .   As  already  indicated,  the  model  includes  a 
repeat  of  the  flows  75  through  89  for  the  remaining  three  major  Ribes   species.   In 
several  places,  details  differ  like  aeciospore  and  urediospore  infection  yield  ratios, 
urediospore  versus  teliospore  partitioning,  telial  column  parameters,  and  duration  of 
infection  periods.   After  the  expected  number  of  basidiospores  per  hectare  is  computed 
for  each  of  the  four  Ribes   species,  simulated  spore  load  is  summed  over  Ribes   species 
and  is  distributed  to  pine  trees  on  the  basis  of  Average  Rijbes-growth-point  (Bush)  to 
Tree  Distance  (ABTD. )  and  the  number  of  bushes  per  Growth-Point  or  Growth-Point 
Factor  (GPF.).   The  separate  spore  loads  (spores/bush)  for  each  infection  period  are 
used  to  calculate  spores  per  hectare  by  multiplying  by  the  number  of  bushes  per 
hectare  (state  variables  1,  2,  3,  and  4,  Ribes   density  submodel).   ABTD.  and  GPF.  are 
then  used  to  calculate  the  average  spore  load  in  spores  per  square  centimeter  at  the 
trees. 


Pine  Host  Target  Submodel 


This  submodel  (fig.  15)  computes  the  target  of  an  average  tree  as  a  function  of 
site  index,  stand  age,  host  genotype,  and  weather.   The  computed  target  is  partitioned 
into  current,  1-year-old,  and  2-year-old  branch  needles  and  current  and  1-year-old 
stem  needles.   Variable  definitions  for  the  target  submodel  are  given  in  table  8  and 
flow  descriptions  are  given  in  table  9. 

Six  characteristics  of  the  pine  target  were  incorporated  into  this  model: 
number  of  needles,  placement  of  needles  (branch  or  stem) ,  number  of  rows  of  stomata 
per  needle,  needle  length,  needle  age,  and  pine  genotype  (resistance).   These  charac- 
teristics are  fully  discussed  under  the  pine  infection  model. 
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igure  15 . --Box-and-arrow  diagram  of  pine-host  target 

table  S. 


Variable  definitions  are  in 
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Table  8. --Definition   of  variables   used  in   the  pine-host-target   submodel 


Variable 


Definition 


i.isr 


nil'*""  , 

•>•    «n    'I 

•K'fll  'il 


State  variables: 
X(10)  SINK 

X(25)  PISDS 


X(26) 

X(27) 

X(28) 

X(29) 
X(30) 

X(31) 

X(32) 

X(33) 

X(34) 


RAISS 

QISSl 

QISS2 

SOURCE 
QISB3 

QISB2 

PISB 

RAISE 

QISBl 


User  controlled  variables 

RSPN 

QNEEDL 

Computed  variables: 


Sink  that  accepts  dead  needles. 

Potential  infective  surface  on  direct  stem  needles, 
square  centimeters  per  tree. 

Stomatal  row  adjusted  infective  surface  stem  needles 
square  centimeters  per  tree. 

Quantity  of  infective  surface  on  stem  needles  in 
their  first  year,  square  centimeters  per  tree. 

Quantity  of  infective  surface  on  stem  needles  in 
their  second  year,  square  centimeters  per  tree. 

Unspecified  source  of  infective  surface. 

Quantity  of  infective  surface  on  branch  needles 
in  their  third  year,  square  centimeters  per  tree. 

Quantity  of  infective  surface  on  branch  needles 
in  their  second  year,  square  centimeters  per  tree. 

Potential  infective  surface  branch  needles, 
square  centimeters  per  tree. 

Row  adjusted  infective  surface  on  branch  needles, 
square  centimeters  per  tree. 

Quantity  of  infective  surface  on  branch  needles  in 
their  first  year,  square  centimeters  per  tree. 


Rows  of  stomata  per  needle,  number  rows/needle. 

Quantitative  needle  length  factor,  proportion  of 
maximum  needle  length. 

See  appendix  I. 
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The  concept  of  infective  surface  was  developed  to  facilitate  the  modeling  of  the 
target  area.   The  investigations  of  Clinton  and  McCormick  (1919)  and  Chapman^ 
indicated  that  infection  by  basidiospores  occurred  through  the  stomates.   This  was 
confirmed  by  Patton  and  Johnson  (1967).   The  basidiospores  land  on  a  needle,  germinate, 
and  the  germ  tube  grows  in  a  random  direction  (Hansen  1972).   When  the  tip  of  the 
germ  tube  happens  to  penetrate  a  stomate,  it  grows  between  the  guard  cells  into  the 
substomatal  chamber,  where  it  produces  a  substomatal  vescicle,  and  then  an  infection 
hypha  (fig.  16).   The  infection  hypha  penetrates  a  mesophyll  cell  and  the  infection 
is  established.   If  one  assumes  that  this  entire  process  must  be  completed  by  utiliza- 
tion of  energy  stored  within  the  basidiospore ,  then  growth  of  germ  tubes  on  pine 
needles  should  provide  a  clue  to  their  growth  potential.   What  is  the  average  distance 
a  spore  can  be  away  from  a  stomate  and  still  have  reserves  to  establish  an  infection? 
Germ  tubes  averaged  about  100|j  in  length  when  spores  were  germinated  on  eastern  white 
pine  (Hansen  1972)  or  on  water  agar  at  pH  6.8  and  16°C  (Bega  1957). 
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Figure  16. --Diagramat ic  representation  of  a  Cronaitium  ribicola   basidiospore 

infecting  a  pine  needle. 


^Chapman,  C.  M.   1934.   A  study  of  the  movement  of  mycelium  of  Cronartium 
ribicola   Fischer  during  the  incubation  period  in  Pinus  monticola   Dougl.  In   Blister 


rust  work  in  the  far  West,  p.  293-298. 
Dis.  Control. 


(Mimeographed)   U.S.  Dep.  Agric,  Div.  Plant 
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The  distance  from  the  top  of  the  subsidiary  cells  to  the  hottoin  of  t 
cavity  averaged  about  55u  on  a  few  sections  of  western  white  [Mne  needles 
unjiublished  data).  This  leaves  about  SOii  of  growth  potential.  llow  can  w 
the  utilization  of  this  potential?  Since  stomates  are  arranj'.ed  in  I'ows  a 
distance  from  the  end  of  one  stomate  to  the  beginning  of  tlie  next  is  abou 
as  the  length  of  a  stomate  (20ii,  autliors'  unpublished  datal,  SOm  periniete 
succeeding  stomata  in  a  row  overlap.  Tlierefore,  the  important  measure  be 
"infective  width"  of  the  stomatal  row.  IVe  have  assumed  infective  widtli  t 
(,fig.  17).  Infective  surface  is  taken  as  the  square  centimeters  of  need) 
a  tree  that  a  spore  can  land  on  and  have  a  chance  to  establish  an  infect i 
influencing  this  parameter  that  must  be  considered  in  calculating  target 
length  and  number  of  rows  of  stomata. 
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Figure  17. --The  concept  of  infective  surface  is  illustrated  by  this  diagramatic 

representation  of  germinating  basidiospores  on  the  surface  of  a  pine  needle  (infective 
surface  in  square  centimeters  per  tree  -   average  number  of  rows  of  stomata/needle  x 
number  of  needles  per  tree  x  average  length  of  stomatal  row  x  0.01  cm). 


Computation   of  potential    Infective   Surface    (IS)    on   current    year  branch  needles 
(29^32).   State  variable  29  is  a  source  of  infective  surface  that  is  partitioned  out 
each  year  to  branch  and  stem  needles  according  to  the  braTich-needle  and  stem-needle 
growth  functions.   !\Ttential  Infective  Surface  Branch  (IMSB)  is  based  on  number  of 
current  year  branch  needles. 


Potential    branch-needle   infective   surface   adjusted   for   stomatal- row-nun\ber 
'(32^55).   In  this  formulation,  we  have  provision  for  a  given  value  of  l\ows  of  Stomata 
Per  Needle  fRSPN)  to  be  used  foi  calculation  of  IS.   This  variable  is  important 
because  it  can  apparently  var\'  a  great  deal  under  the  influence  of  both  environmental 
and  genetic  factors. 

Stomatal- row-ad  justed  branch-needle   IS  adjusted  by   a   needle-length   factor 
[33-'34).   F.nvironment ,  genes,  and  tree  age  or  size  probably  all  influence  needle 
length.   This  flow  provides  a  place  for  such  sources  of  variation. 


33 


Branch-needle   IS  on   needles   in    their   current    year   ages   1    year   to   give   rise    to    IS 
on   second-year  branch  needles    (34^31).   According  to  available  data  (Buchanan  1936), 
there  are  no  losses  of  branch-needles  between  their  first  and  second  years,  so  the 
entire  contents  of  QISBl  must  be  transferred  to  QISB2  (see  table  8  for  definitions) . 

Branch  needle   IS  on  needles  in    their  second   year  ages   1    year    (31-*-30)  .   The 
equation  mediating  this  flow  was  derived  from  Buchanan's  (1936)  needle-removal  table. 
His  sample  showed  that  64.2  percent  of  the  branch  needles  of  a  particular  cohort  are 
retained  for  their  third  year. 

Branch  needle   IS  lost   at    the   end  of   the    third   growing  season   due    to  natural 
death  of  needles    (30->10)  .   In  western  white  pine,  about  4  percent  of  the  needles  in 
the  entire  crown  survive  4  years  and  in  the  upper  crown  4-year  survival  is  even  lower 
(Buchanan  1936).   Consequently,  we  assumed  that  all  needles  die  and  are  cast  at  the 
end  of  their  third  season.   All  the  contents  of  QISB3  are  moved  to  the  sink.   Thus, 
new  infections  that  occur  on  needles  in  their  third  season  are  assumed  to  be  of  no 
consequence. 

Computation  of  potential    stem  needle   IS    (29^25) .   Needles  are  also  located  on 
the  bole.   These  stem  needles  are  of  particular  importance  because  infections  originat- 
ing here  reach  canker  status  directly  on  the  bole.   There  is  no  canker  mortality  due 
to  dying  branches  and,  since  the  needles  are  located  on  the  first  year  wood,  boles 
are  of  small  diameter  so  damage  occurs  quickly.   For  these  reasons,  stem  needles  are 
treated  separately  from  branch  needles.   Infective  surface  flows  from  IS  source  (X29) 
<i!,„i  ;     to  PISDS  (Potential  Infective  Surface  Direct-Stem)  . 

:;;|;1  :  Adjustment  of  potential    IS  for  stem-needle    (PISDS)     (25^26)  .   The  use  of  RSPN  was 

•ill;  1     discussed  under  flow  (32->33)  . 
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Stomatal-row  adjusted   stem-needle   IS   is   adjusted   for   needle   length  by    the   stem- 
needle   factor    (QSNEDL)    (26->27)  .   QNEEDL,  defined  in  table  8,  is  used  to  compute 
QSNEDL.   This  change  is  necessary  because  stem  needles  tend  to  be  longer  than  branch 
needles. 

Computation   of  1-year  aging  of  infective   surface  on   stem  needles   in    their 
current   year    (27^28) .   The  assumption  was  made  that  none  of  the  current  year  stem 
M'f" '     needles  die  before  their  second  season.   Thus,  all  of  the  IS  in  X(27)  will  be  trans- 
ferred to  X(28)  for  the  next  cycle. 

i(«>j'''"i  i  Infective   surface  moves   to   the   sink   after  stem-needle   death    (28^10)  .   Our  field 

|S--!;:!i     observations  lead  us  to  believe  that  stem  needles  generally  die  and  are  cast  at  the 
;|2E:;;:;  I     end  of  their  second  season.   Thus,  new  infections  on  stem  needles  in  their  second 

season  are  cast  before  they  can  become  cankers.   This  means  that  only  first-year  stem 

needles  need  be  considered  as  targets. 

We  now  have  calculated  infective  surface  values  of  first-year  stem  needles 
(QISSl) ,  first-year  branch  needles  (QISBl),  and  second-year  branch  needles  (QISB2) . 
These  variables  are  transferred  now  to  the  pine  infection  submodel  and  combined  with 
basidiospore  load  from  the  Ribes   infection  submodel  to  create  a  simulated  amount  of 
infection  on  an  average  tree. 

Pine  Infection  Submodel 

Pine  infection  is  outlined  in  figure  18.   This  process  is  complex  but  the 
general  aspects  of  pine  infection  delineated  by  Hirt  (1935  and  1942)  and  Spaulding 
and  Rathbun-Gravatt  (1925a)  have  been  preserved.   Infections  that  occur  on  needles 
attached  directly  to  the  bole  are  of  special  significance  as  already  discussed.   For 

34 


/     Bspore 

Penetrotion 
\     Function 


'      Bspore      ^ 

Germ  tube 

Growth 

L     Function      i 


I      Bspore       \ 

Germinotion 
<      Function      j 


Bspore 
Trapping 
Function 

1 


1 
1 

1 
1 

1 

1 

1 
1 

BSI 
spores   cm^ 
97 

^ 

BSTAL 
spores    cr 

^2 

96 

i 

BSGER 
spores   cm^ 
95 

t 

BSTIS 
spores   cm^ 
94 

i 

QBSAT 
spores   cm 

93 

^ 

^     A 

"      A 

<      A 

\ 

Infection 
Function 


Pine  Target 


I   / 


'k 


A 


TNISl 

Infections  'tree 
7 


M. 


->i 


\><x^' 


TI2S1 

Infections/tree 
8 


Canke 

—^  (    Appearance 

Function 


TNIBl 

Infections/tree 
12 


— X><] 


TI2B1 
—^    Infections/tree 


^---►cxi 


J^ 


CUB) 

Infections/tree 
13 


■> 


T13B1 

Infections'  tree 
17 


_^ 


CI2BI 

Infections/tree 
16 


CI3B1 

Infections/tree 
18 


Figure    18. --Box-and-arrow  diagram  of  Cronartium   ribicola    infection   of   the    pine   host. 
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review,  they  can  begin  the  girdling  process  immediately  and  their  numbers  cannot  be 
reduced  by  the  death  of  branches;  consequently,  the  silvicultural  control  treatment 
of  pruning  is  not  applicable  to  infections  from  this  source.   The  probability  of 
infection  on  stem  needles  becomes  an  important  variable  when  estimating  probable 
damage  and  working  out  control  strategies.   The  definitions  of  the  state  variables 
found  in  this  submodel  are  given  in  table  10  and  descriptions  of  flows  are  in  table 
11. 


Table  10. --Definitions   of  variables    used   in    the  pine   infection   submodel 


Variable 


Definition 


State  variables: 
X(10)  SOURCE 

X(ll)  TNISl 


Unspecified  source  of  pine  infections. 

Total  number  of  new  needle  infections  in  current 
year  on  stem  needles  infected  in  their  first  season. 


X(12) 


TI2S1 


Total  number  of  needle  infections  in  current  year 
that  are  in  their  second  season  and  are  in  needles 
infected  in  their  first  season. 


Miiiin   i 


X(13) 


T13S1 


Total  number  of  needle  infections  in  current  year 
that  are  in  their  third  season  and  are  in  needles 
infected  in  their  first  season. 


ni< 


X(14) 
X(15) 
X(16) 

X(17) 
X(18) 

X(19] 

X(20) 

X(21) 


TCOS 


TNIBl 


CllBl 


TLBC 


TI2B1 


CI2B1 


TI3B1 


CI3B1 


Total  number  of  cankers  that  appear  on  the  stem  in 
the  current  year  from  infections  in  stem  needles. 

Total  number  of  new  needle  infections  in  current 
year  on  branch  needles  in  their  first  season. 

Number  of  canker  infections  from  1 -year-old  branch 
needle  infections  that  were  infected  in  their  first 
year. 

Total  number  of  potentially  lethal  branch  cankers 
that  appear  in  current  year. 

Total  number  of  needle  infections  in  current  year 
that  are  in  their  second  year  and  growing  in  branch 
needles  that  were  infected  in  their  first  year. 

Number  of  canker  infections  from  2-year-old  branch 
needle  infections  in  needles  that  became  infected 
in  their  first  year. 

Total  number  of  needle  infections  in  current  year 
that  are  3  years  old  and  growing  in  branch  needles 
that  were  infected  during  their  first  year. 

Number  of  canker  infections  from  branch  needle 
infections  in  their  third  year  and  growing  in  needles 
that  became  infected  during  their  first  year. 
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Table  10 . --De finitions   of   variables    used   in    the   pine    infection    submodel     (continued) 


Var  i able 


Det'i  n  i  t  i  on 


TN  1  B2 

CI  ib: 

TT2R2 

C12B2 
TI5B2 

C13B2 

QBSAT 
BSTIS 
BSGER 
BSTAL 

BSI 

ANCPT 
ACPT 

Jser  controlled  variables 
3IY 

)IP{DAAr) 


Total  number  of   new  needle  infections  in  current 
year  on  liranch  needles  in  their  second  \'ear. 

Number  of  canker  infections  from  1 -year-old  branch 
needle  infect  iiMis  yrowint;  in  needles  that  became 
infecti'd  durini^  tlicir  seconti  year. 

Total  numbei-  of  needle  infections  in  current  year 
that  are  2  years  old  and  gi'owinj;  in  branch  needles 
that  became  infected  durinj^  their  first  year. 

Number  of  canker  infections  from  2-)'ear-old  branch 
needles  that  became  infected  in  their  second  >'ear. 

Total  needle  infections  in  their  tliird  season  and 
growing  in  branch  needles  that  became  infected 
during  their  second  growing  season. 

Number  of  canker  infections  from  3-year-old  branch 
needle  infections  growing  in  branch  needles  that 
became  infected  during  their  second  growing  season. 

Quantity  of  basidi ospores  at  an  average  tree, 
bas idi ospores  per  square  centimeter. 

Number  of  bas  idiosporcs  trappetl  per  unit  infecti\c 
surface,  basidiosporcs  per  square  centimetei". 

Number  of  basidiosporcs  expected  to  germinate  after 
being  trapjied,  bas  idios]X")res  per  scpiare  centimeter. 

Numlier  of  basidiosporcs  expected  to  produce  germ 
tubes  of  adecjuate  length  for  penetration,  basidio- 
sporcs per  square  centimeter. 

Number  of  basidiosporcs  expected  to  penetrate  and 
establish  infections,  basidiosporcs  per  stpiare 
cent  imetcr . 

Average  number  of  new  cankers  per  tree  each  year-. 

Accumulated  numl^er  of  cankers  per  tree  inbred  by 
infect  ion  peri  od . 


Ratio  of  spots  to  trapped  and  germinating  basidio- 
sporcs, spots  per  S(|uare  cent  i  meter  :  lias  i  d  i  os|H)res 
per  scjuai'c  centimber  IS. 


Duration  of  infection  iieriod,  hours 
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Table    10. --Definitions  of  variables   used  in   the  pine   infection   submodel    (continued) 


Variable 


Definition 


FER 
NRF 


Fungus  encirclement  rate,  meters/year. 

Needle  retention  factor,  year  of  branch  needle 
retention. 


QNLR 

RGRN 
SNA  IF 

TEF 


Needle  lesion  reduction  resistance  factor. 

Rust  growth  rate  down  the  needle,  mm/month. 

Secondary  needle  age  infection  factor,  proportion- 
ality constant. 

Trapping  efficiency  factor  of  branch  and  stem 
needles . 


Iill" ' 


TlP(DAAl) 


Computed  variables: 


Average  temperature  of  an  infection  period,  indexed 
by  infection  period,  expressed  as  degrees  C. 

See  appendix  I. 
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Computation   of  basidiospores    trapped    bi;   a    sijiiarc    conti  nntca    of   pimj    inf'oc-t  i  vi:- 
surface    (95  "94].   After  the  has  id  i  osjiorcs  ai'C  prdilucetl ,  th(\v  must  escape  t  lie  lUbur, 
canopy  and  penetrate  the  pine  can<)|i\'.   Uoth  oi~  these  opei'at  i  ni's  are  depeiuieiil  oa  the 
relationships  amoni;  spore  size,  spore  density,  wiiulspeei,!,  and  ic-af  size-  ami  shapiv 
One  wa>'  to  ,ua  i  n  an  undei'st  and  i  nj^  of  these  re  1  at  i  cMish  i  ps  is  to  look  at  no'.'dlc-s  aiid 
leaves  as  spore  traps  ami  calculate  the  trapping,  ef  I' :  c  i  enc  i '.-s  luuier  dit'fci'ent  cnditioir 
(Crei^or)  19:'^J).   A  paper  hv    Idiiiunds  (1972)  provides  tiie  met  hc^do  1  cvj,)-  fei-  such  calcula- 
tions.  Tra]ipint:  efficiencies  oi'   pine  needles  and  Ribos    leaves  are  uiven  in  tal^li^  1  ^ . 
The  movement  of  spores  tiir<nigh  the  pine  canop\-  is  eiu' i  s  i  oiied  as  follows;   An\-  sliijit 
air  movement  will  cause  the  spores  to  be  iDoved  arountl  the  need.le:;  rather  tisan  (Mii  o 
them  because  of  the  ver\-  low  trapjiing  efficiency  of  the  ne<.'dle.   A  few  I-a.s  i  u  i  ospores 
would  be  trapped  at  450  cm/sec  (10  mi/h)  where  the  effic'i^ncy  readies  about  5  |jerccnt. 
At  900  cm/sec  (20  mi/hl  the  efficiency-  rea:he?  25  percent.   Th'is  '.-'i  nds]^'.'et'.  s  of  45  to 
225  cm/sec  (1  to  5  mi/h),  which  ma)'  be  best  for  dispersal,  may  le  worst  for  <.lep(\-;  i  ^  i  ^n . 
This  leads  to  tlie  conclusion  that  dispersal  and  deposition  cati  lie  \'iewed  as  two 
completely  different  processes  and  that  most  has  i  d  lospores  are  probal^l)-  deivjsited  on 
the  needles  rather  than  trajiped  by  imixiction  phenomenon.   So  lonv,  as  the  v<ind  t;lcws, 
the  basid  iospores  remain  in  suspension,  but  during  quiet  pei-iods.  the  bas  i  d. ;  ospo- cs 
settle  out  onto  the  pine  needles.   Another  possibility  is  tliat  ra'iP  will  wash  hasii  oo- 
spores out  of  the  air  even  though  the  wind  is  blowing  (SchrodCc"''  l^'fiO).   'i'li  t  s  sui^ect 
brings  up  the  question  of  the  importance  of  variation  of  wind  volocity  in  tiie  total 
infection  process 'of  pines  by  C.  ribicola   basid iospores . 

Table  12 .  --Impaction   efficiencies   in  percent    for   basidiospores   with   a   diameter  of   10\\ 

and   a    specific   gravity  of   1 


Horizonta  1  wi  ndstJeed, 


Trap       Trap  width         1  mi/h         2  mi/h         4  mi/h         20  mi/h 

(45  cm/sec)     (90  cm/sec)     (180  cm/sec)    (900  cm/sec) 


urn 
Pine  needle    0.1  <1.0  <1.0  2.5         25.0 

Ribes    leaf     7.0  <1.0  <1.0  <1.0         <1,0 

Calculated  from  Edmonds  1972. 

For  exam])le,  wind  during  a  wet  period  could  jirevent  the  sjiores  from  being 
deposited  before  they  lose  their  viability  and  tlius  prevent  disease  development.   A 
,high  wind,  for  example,  1  125  cm/sec  (25  mi/h),  could  increase  the  efficiency  of 
[trapping  by  impaction  in  the  tops  of  tall  trees;  consec|uent  ly ,  wind  profile  could 
jinfluence  the  amount  of  infection  in  short  and  in  tall  trees  and  in  densel}'  stocked 
land  in  thinly  stocked  stands. 

i 

Since  basidiospores  behave  as  a  penetrator,  not  an  impactor,  the  most  meaningful 
measure  of  infection  potential  should  be  number  of  spores  deposited  on  slides  or 
stationary  glass  rods  rather  than  some  other  type  of  spore  sampler.   One  would  want  a 
trapping  system  that  was  inefficient  in  slow  winds,  but  efficient  under  calm  condition: 

The  role  of  rain  could  be  assessed  by  using  the  methodology  that  has  been 
developed  for  trapping  spores  from  rain  (Rowel  1  and  Romig  1 9b(i ;  I'oe  1  f s  and  others 
1970).   The  whole  thing  could  be  tied  together  by  knowing  the  concentration  of 
oasidiospores  in  the  air.   This  could  be  determineii  with  a  volumetric  spore  trap. 
It  is  conceivable  that  the  character  of  the  wind  during  a  favorable  infection  period 
vith  respect  to  moisture  and  temperature  could  determine  the  effectiveness  of  the 
.nfection  period. 
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All  of  our  current  available  information  on  the  infection  yield  ratio  (spots  per 
spore  cast)  has  been  obtained  in  the  calm  interior  of  infection  tents  with  the 
basidiospores  settling  directly  onto  the  pine  foliage  and  glass-slide  trajis.   Since 
most  basidiospores  of  C.  ribicola    are  probably  deposited  this  way  in  nature,  our 
simulation  will  assume  a  spore  deposition  model  rather  tlian  an  impaction  model. 

Computation   of  number   of   trapped  basidiospores   expected    to   germinate   during  a 
given   infection  period    (94-^95).   Many  factors  can  influence  the  likelihood  that  a 
spore  will  cause  an  infection  even  after  it  is  trapped.   The  first  consideration  is 
that  the  basidiospore  land  where  the  germ  tube  can  physically  reach  a  stomata  and 
cause  an  infection.   We  have  attempted  to  solve  this  problem  by  our  concept  of 
infective  surface,  by  considering  only  the  needle  surface  from  which  a  spore  can 
reach  a  stomata.   So,  our  next  problem  is  basidiospore  germination. 

If  the  assumed  relationships  between  germination  and  germ  tube  growth  rate  are 
the  same  for  basidiospores  as  for  aeciospores  and  urediospores ,  then  probability  of 
infection  by  basidiospores  after  they  are  trapped  can  be  modeled  in  a  similar  fashion. 
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When  sporidia  were  germinated  on  eastern  white  pine  needles  (Hansen  1972)  under 
favorable  temperature  and  moisture  conditions,  at  least  95  percent  germinated. 
Spores  deposited  on  P.  lambertiana    in  a  saturated  atmosphere  and  temperatures  from 
13°C  to  22°C  germinated  at  nearly  the  95  percent  rate  over  the  range  (Bega  1960). 
Since  Bega  (1960)  found  100  percent  germination  of  basidiospores  on  P.   monticola   and 
the  above  determination  was  also  near  100  percent,  we  have  assumed  100  percent 
germination  between  the  temperatures  1°C  and  24 °C.   Germination  started  at  about  2  h 
after  casting  (Hansen  1972)  and  at  15°C  and  pH  7>   to  4  was  completed  at  3  h  (Bega 
1960).   These  findings  were  incorporated  into  functions  for  germination  lag  and 
germination  period  (fig.  19  and  20).   Hansen  (1972)  reported  a  germ  tube  growth  rate 
of  3.5  ij/h  for  the  first  30  h,  and  a  decreasing  rate  for  another  42  h  on  artificial 
membranes.   Bega  (1960)  measured  germ  tube  length  on  artificial  media  maintained  at 
a  pH  of  4  at  various  temperatures.   Length  was  measured  24  h  after  spore  deposition. 
The  hourly  rate  was  determined  by  the  autliors  and  plotted  (fig.  21).   First,  we 
needed  the  value  for  lag  time  between  the  onset  of  the  infection  period  and  completion 
of  basidiospore  germination.   During  this  period,  teliospores  must  germinate  and  the 
disseminated  basidiospores  must  germinate  and  penetrate.   It  apparently  takes  about 
6  to  7  hours  for  teliospores  to  begin  to  cast  basidiospores,  another  2  to  8  hours  for 
the  basidiospores  to  commence  germination  (fig.  19),  and  an  additional  2  to  24  hours 
for  the  population  of  basidiospores  to  complete  their  germination  (fig.  20).   Then  an 
additional  10  to  50  hours  would  be  required  for  the  germ  tubes  to  grow  and  penetrate. 


12         16  20  24  28         32 
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Figure  19. --Assumed 
relationship  between 
temperature  and 
period  of  germination 
lag  of  Cronartium 
ribicola   basidio- 
spores.  Data  point 
at  minimum  is  from 
Bega  (1960);  and 
shape  of  curve  is 
assumed  to  be  the 
same  as  for  C. 
ribicola   basidio- 
spores . 
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Figure  20. --Assumed  relation- 
ship between  temperature 
and  period  of  germination 
of  Cronartium  ribicola 
basidiospores .   Shape  of 
curve  estimated  from  auth- 
or's unpublished  data  for 
aeciospores  and  uredio- 
spores  and  data  from  Bega 
(1960). 
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Figure  21. --Growth  rate 
of  Cronartium  ribi- 
cola  basidiospore 
germ  tubes.   Data 
points  from  Bega 
(19b0)  and  curve  from 
Wei bull  function 
where  a  =  0.02, 
B  =  16.8,  c  =  2.8, 
W  =  12.654,  and 
X  =  temperature. 
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Computation   of  number  of  germinated   basidiospores   expected   to  produce   germ   tubes 
of  sufficient   length   to  penetrate    (95-"96)  .   If  probabilit)'  of  penetration  is  deiUMulcnt 
on  length  of  germ  tube  under  ideal  conditions,  then  the  number  of  trajiped  and  gcrniinatod 
BasidioSpores  expected  to  produce  germ  Tubes  of  Adequate  Length  (BSTAL)  to  [lenetrate 
should  be  a  function  of  infection  iicriod  duration  and  temperature  as  both  v\m11  influence 
germ  tube  length. 

Computation   of  number  of  basidiospores   penetrating    to   establ ish   infection 
(96^97).   It  seems  reasonable  to  assume  that  all  the  basidiosjKTres  that  jiroduce  germ 
tubes  of  adeiiuate  length  and  are  located  on  the  infective  surface  will  not  roach  the 
state  of  an  established  BasidioSpore  Infection  (BSI).   What  is  tlie  probal)  i  1  i  t  y  o\'   a 
successful  penetration?   A  measure  of  this  probability  is  the  ratio  of  spots  found  to 
spores  trapped  (Basidiospore  Infection  Yield  ratio  or  BIYj  under  optinuiin  conditions 
of  temperature,  moisture,  and  duration.   BIY  has  been  measurctl  in  the  case  oT  C. 
ribicola   basidiospores  on  primar)'  needles  of  P.  strobus   and  on  current  >-ear's  st^condar\- 
needles  of  P.  monticola  . 


Hansen  (1972)  found  that  when  he  applieil  100  spores  per  scjuai-e  in  i  1  1  i  iiieto  )•  to  nine 
'.  strobus   seedlings,  the  ratio  of  spots  to  basidiospores  trappetl  vai-ied  from  O.o  to 
).14  with  an  average  of  0.004  (calculated  by  the  authoi-s  on  the  assu!ii[)t  i  on  that 
lansen  inoculated  40  scjuare  millimeters  of  needle  sui-face  poi-  scotlling  (Hansen  1972, 
).  84  and  94).   These  nine  seedlings  wei-e  inoculated  and  then  immcdiatel)'  placed  in  a 
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dew  chamber.   Ten  more  seedlings  were  inoculated,  covered  with  moist  plastic  bags, 
and  placed  in  the  dew  chamber.   These  trees  yielded  a  ratio  of  0.0005  to  0.011  and 
averaged  BIY  =  0.0043  spots  per  spore  trapped  (inoculated  and  ratio  calculated  as 
above).   Thus,  for  primary  needles  of  Pinus  strobus   the  expectation  is  that  the  ratio 
of  spots  formed  to  basidiospores  cast  should  be  about  0.004  x  average  trapping 
efficiency,  which  equals  0.004  x  0.08  =  0.00053. 

The  ratio  is  stated  in  terms  of  spots  per  spores  cast  because  all  the  available 
western  white  pine  data  are  on  this  basis.   In  western  white  pine,  one  of  our  current 
studies  at  Moscow  was  inoculated  in  September  1973  by  our  standardized  method  (Bijigham 
1972a)  except  that  rubber-cement-coated  slides  were  stationed  on  a  2-foot  grid 
throughout  the  inoculation.   Tlie  slides  were  removed  at  the  end  of  the  inoculation. 
A  lacto-phenol  analin-blue  fixing  staining  solution  was  placed  on  the  slides  and  a 
cover  slip  added.   Spores  were  then  counted  in  a  random  sample  of  10  fields  of  0.175 
mm^  each  on  each  slide.   In  June  of  1974,  spot  types  were  tallied  (see  McDonald  and 
Hoff  1975),  and  a  sample  of  20  slide  stations  was  taken  in  order  to  obtain  an  estimate 
of  the  spot  per  basidiospore  cast  ratio.   All  trees  within  1  foot  of  each  of  the  20 
slides  were  studied.   There  were  20  planting  spots  within  the  prescribed  distance 
from  each  slide,  but  some  trees  were  clean  (covered  as  controls)  and  some  had  died. 
In  all,  spots  on  201  trees  were  used.   All  the  spotted  trees  within  1  foot  of  each 
slide  were  used  to  calculate  the  ratio  of  spots  to  spores  trapped  on  that  slide.   The 
average  was  6.1  trees  per  slide.   The  average  infection  yield  ratio  (spots  per  square 
centimeter : spores  cast  per  square  centimeter)  for  each  slide  was  used  to  calculate  a 
mean  BIY  (x  =   0.000087  ±  0.00001)  of  current  year  needles  on  3-year-old  trees.   We 
will  use  the  value  of  0.000087  spots  per  basidiospore  cast  for  current  year  western 
white  pine  needles. 

There  is  apparently  a  resistance  mechanism  that  causes  a  reduction  in  the  rate 
of  needle  lesion  frequency  (Hoff  and  McDonald  1980) .   The  difference  between  the 
average  ratio  of  the  four  lowest-spotting  families  and  the  four  highest-spotting 
families  out  of  120  families  studied  was  2.15  to  18.4.   Thus  spots  were  8,56  times 
more  frequent  on  the  high  spotters  than  on  the  low.   More  data  on  this  important 
aspect  of  rust-resistance  biology  were  collected  for  inclusion  in  this  paper  by 
analyzing  records  from  the  1970  progeny  test  designed  to  screen  resistant-tree  seed 
orchard  materials.   Vaseline-coated  slides  were  used  to  trap  basidiospores  during  the 
artificial  inoculation.   Several  hundred  seedlings  were  included  in  each  family. 
Number  of  basidiospores  per  square  centimeter  was  calculated  from  the  spore  traps  and 
number  of  spots  per  square  centimeter  of  infective  surface  was  determined  on  a  sample 
of  plants  from  each  family  (table  13).   The  ratios  of  spots  to  spores  cast  may  or  may 
not  be  comparable  to  the  ratios  already  discussed  because  of  the  difference  in  spore 
trapping  techniques;  but  the  evidence  clearly  indicates  that  some  families  are  high 
spotters  and  others  are  low  spotters.   The  tenfold  difference  is  in  agreement  with 
our  earlier  findings  discussed  above.   The  reduced-needle-lesion-frequency  resistance 
mechanism  was  worked  into  the  model  as  a  BIY  reduction  factor.  Quantity  of  Needle 
Lesion  Reduction  (QNLR) .   Thus,  if  we  wanted  to  simulate  the  development  of  the  rust 
on  a  population  of  trees  characterized  by  the  needle-lesion  resistance  factor,  we 
would  set  QNLR  as  equal  to  0.10. 


Resistance  mechanisms  in  the  pine  host  are  not  the  only  possible  factors  that 
could  reduce  the  BIY.   As  pointed  out  earlier,  control  chemicals,  weather,  rust 
genes,  and  other  conditions  could  influence  the  ratio.   These  items  will  be  introduced 
through  the  user-controlled  variable  BIY  as  they  were  in  the  case  of  aeciospore 
infection  (AIYR(ISP))  and  urediospores  (UIYR(ISP)). 

Calculation   of  number  of  new  infections  per    tree   on   current-year   stem  needles 
(6->7) ,   Since  BSI  was  computed  on  the  basis  of  current  year  secondary  needles  only, 
one  more  adjustment  is  needed  to  compute  expected  infection  on  stem  needles.   We  do 
not  know  whether  spores  can  be  trapped  only  on  upward  surfaces  or  if  all  surfaces  are 
ecjually  effective  traps.   Our  assumption  is  that  only  upward  surfaces  will  trap.   On 
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Table  13 . - -Relationship  between   spore   cast   and   frcquencq   of   spot    formation    for   a 

group  of   full-sib   families 


Lesion    Li-eciuencv 

Lcs ! ons/ 

Degree   of 

Spore    cast 

(  les  i  ons/cni 

t  rai'ped 

spotting 

Fami 1 ics 

( s]iores/cni'  ) 

infect  i  ve    SLirf 

ice) 

Sj)i>rc 

Low   spotters 

19x17 

2,660 

0.  1() 

(1.  ()(i(J06 

208x207 

2,300 

.  11 

.  OOOO'i 

20x21 

3,000 

.  14 

.  i)!)()()5 

09x185 

2,660 

.  20 

. OOOOX 

86x166 

2,000 

.  18 

.  (lOOO'J 

84x155 

2 ,  000 

.  12 

.  0000(1 

High    spotters 

176x215 

3,  160 

1.47 

0.0005 

159x78 

2,410 

1.72 

.0007 

117x123 

2,250 

1.79 

.ooos 

237x202 

1,750 

1  .  06 

.0006 

353x182 

2,330 

2.31 

.  0010 

this  basis,  needle  orientation  on  stem  and  branches  was  subjectively  studied. 
The  conclusion  was  that  for  stem  needles  0.50  of  the  stomatal  bearing  surfaces  were 
oriented  upward  and  that  0.25  of  the  branch  needle  surfaces  were  likewise  oriented. 
Tiius,  respective  reduction  will  be  made  in  amount  of  infection  on  each  needle^  tyi)o. 

Computation   of  number  of  new  infections   per   tree   on   current-year   branch   needles 
(6-^12).   This  flow  is  calculated  the  same  as  flow  (6-"7),  except  that  the  needle 
orientation  factor  is  0.25  instead  of  0.5. 

Computation   of  number  of  new  infections   on   second-year  branch  needles    {6  dO). 
Primary  foliage  is  known  to  be  much  more  susceptible  than  secondary  foliage  (Patton 
1967;  authors'  unpublished  data).   Also,  data  from  Pierson  and  Ruclianan  (193Sb) 
indicated  that  current-year  needles  of  western  white  pine  become  si:)otted  at  a  freijuency 
14.5  times  less  than  1-  and  2-year-old  needles.   If  this  is  so,  then  year-old  secondary 
needles  should  have  a  BIY  of  0.0013  [O. 000087  x  14.5).   This  value  is  larger  than 
Hansen's,  but  is  in  agreement  with  the  findings  over  the  years  that  P.  strobus   is 
more  resistant  than  P.    monticola    (Bingham  1972b).   Other  results  ( Lachmund  1933) 
indicate  that  tlie  current  year's  needles  are  much  less  susceptible  to  infection  tlian 
older  needles  (table  14).   Lachmund's  finding  was  based  on  the  detailed  analysis  of 
the  pattern  of  appearance  of  young  cankers  after  a  particularly  severe  infection 
year.   In  all,  5,879  cankers  were  inspected  and  recorded  as  to  tlie  year  of  wood  on 
which  they  occurred  relative  to  the  supposed  infection  year.   The  trees  were  ilesc  ri  lied 
as  "thrifty  trees  ranging  from  approximately  10  to  30  years  of  age."   Lachmund's 
(1935)  results  show  the  following  pattern  of  canker  occurrence:  current  }ear  wt)od , 
0.10;  1-year-old  wood,  0,53;  2-year-old  wood,  0.31;  and  3-yeai--old  wood,  0.05.   In 
order  to  interpret  these  findings,  we  must  know  the  distribution  of  tieedles  by 
needle-age  class.   The  relative  target  contribution  by  each  needle-age  class  was 
estimated  from  table  19  (see  pine  target  submodel).   The  proportion  of  cankers  on  the 
wood  that  matched  with  current  needles  was  divided  by  tlie  proportion  of  target  in 
that  class  to  give  cankers  per  unit  of  target  as  shown  in  column  C   oi'   tal>lc  14.   'I'h  i  s 
analysis  requires  the  assumption  that  needles  are  held  to  the  end  of  their  fourth 
growing  season  and  that  all  the  infections  occurred  in  one  season. 
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Table  14 . --Relative   susceptibility  of  western   white  pine   needles   of  different   ages    to 

Cronartium  ribicola  as  measured  by   appearance   of   young  cankers   and  needle   spot 


A           B  CD 
Cankers^     Needle^ 

Needle  age      2  years  distribution  Cankers/     Relative^   Spots^/   Relative 

at  time  of       after        10  to  unit  target  difference   100  cin^   difference 

infection      infection     30  years  A/B 


Current 

0.1 

0.43 

0.25 

1.5 

1  year 

.53 

.38 

1.39 

6.04 

18.9 

14.54 

2  years 

.31 

.20 

1.55 

6.74 

18.8 

14.46 

■^Data  obtained  from  Lachmund  (1933). 

^Data  obtained  from  table  4,  this  paper. 

^Value  obtained  by  1-year-old/current  and  2-year-old/current , 

"^Data  obtained  from  Pierson  and  Buchanan  (1938b)  . 


Pierson  and  Buchanan  (1938b)  reported  on  needle  spotting  on  current  and  older 
needles.   They  potted  seedlings  5  to  7  years  old  growing  in  the  absence  of  the  rust 

'JC;;]  '     and  placed  them  under  heavily  infected  Ribes   bushes  during  September  and  October. 
The  trees  were  then  placed  in  a  greenhouse  to  allow  for  development  of  the  rust. 
After  66  days,  the  number  of  spots  was  determined.   The  results  were  recorded  as  the 

j;;';;;;:  :     number  of  spots  per  100  square  centimeters  of  needle  surface. 


r«,i':'  In  Lachmund' s  (1933)  study,  1-  and  2-year-old  needles  were  six  times  more  suscepti- 


ble than  current  needles  and  in  Pierson  and  Buchanan's  (1938b)  report  1-  and  2-year- 


i'tr*"'   :     old  needles  were  14.5  times  more  susceptible. 

Ji""'^"-' ■ 

•**''"'  Thus,  we  will  use  an  input  variable  to  account  for  the  difference  in  susceptibility 

-»,j,ik!iii  '  between  current  and  older  needles.   Secondary  Needle  Age  Infection  Factor  (SNAIF)  will 

««'7,!:S  !  currently  be  set  equal  to  the  average  difference  (10.25)  as  shown  bv  the  data  of 

*3' «:.'':••  •  Pierson  and  Buchanan  (1938b)  and  Lachmund  (1933). 

•<  "*;'!*|  !  Computation   of  number  of  incipient   cankers    (11)  from  stem  needles   infected  in 

their  first   year   (7^11).   IVliat  will  be  the  pattern  of  occurrence  of  canker  appearance 
from  any  given  year's  infection?   Little  concrete  information  is  available.   Slipp^ 
artificially  inoculated  branches  of  western  white  pine  seedlings  and  saplings  and 
followed  the  appearance  of  new  cankers  over  time.   The  number  to  appear  by  the  fourth 
year  was  taken  as  100  percent  and  the  distribution  of  the  preceding  year's  cankers 
was  calculated.   At  the  end  of  1  year,  7.5  percent  were  visible;  2  years,  80.4  percent; 
and  3  years,  98.8  percent. 

Other  results  (author's  unpublished)  show  a  similar  pattern  with  the  added 
feature  of  genetic  variation  of  incubation  period.   Two-year-old  seedlings  from  40 
full-sib  families  were  artificially  inoculated  in  September.   The  following  September 
the  families  varied  in  percent  of  their  seedlings  showing  stem  symptoms  out  of  tlie 


-^Slipp,  A.  E.   1949.   Canker  development  following  artificial  inoculation.   Univ 
Idalio,  Moscow,  137  p.   (Mimeographed) 
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total  per  family  tliat  showed  stem  symptoms  by  the  fourth  year  ai'ter  i  nocn  1  at  i  on .   The 
low  family  showed  only  7  percent  of  the  stem  with  stem  symptoms  aiul  the  hijdu^st 
family  showed  60  percent.   These  data  were  used  to  construct  cu'ves  of"  pc>rcent  a,L',e 
cankered  on  years-after- inoculat  ion.   The  relationship  is  shown  in  fij^ure  22. 


b  =  25  b  =  12 


b  =  5 


< 
o 
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Figure  22. --Assumed  rate  of  appearance  of 
Cronartium  ribicola    cankers  for  three 
different  rates  of  rust  growth  in  needles 
of  Plnus  monticola . 


12     3     4 
YEARS  AFTER  INOCULATION 


Computation  of  number  of  stew-needle   infections    that    failed    to    reach   canker 
status   in   1    year    (7-*S).   This  flow  is  self-explanatory.   Tlie  needle  infections  that 
did  not  produce  cankers  are  sim]ily  aged  1  year. 


Computation   of  2-year-old   stem-needle   infections    that    reached   canker   status   in 
current   year    (8-^11).   Tlie  same  relationships  are  used  as  in  flow  (7-^11),  Init  the 
variables  have  changed  because  of  the  additonal  year. 

Computation   of  number  of   2-year-old   stem-needle   infections    that    failed   to   reach 
-canker   status   in   current    year    (<S-'9).   This  flow  is  the  difference  between  needle 
j  infections  in  their  second  \'ear  (TI2Sr)  and  the  cankers  that  appeared  from  these 
infections  (TCS2). 

Computation   of  number  of   3-year-old   stem-needle   infections    (9)  that    reach 
canker  status   in   current    year    (9-11} .   This  flow  is  composed  of  all  remaining  infections, 

Computation   of  number  of   1-year-old  needle   infections   in   branch   needles   infected 
in    their   first    year    (12^15)  that   reach   canker   status   after    1    year    (13).   This  model 
uses  the  same  relationship  as  flow  (7-11). 


Computation   of  1-year-old  branch-needle   infections   on   needles   infected    in    their 
first    year    that    failed    to   reach   canker   status   in    1    year    (12*15).   This  flow  is  computed 
by  obtaining  the  difference  between  \'ear-old  needle  infections  and  theii^  associated 
incipient  cankers  (CllBl). 

Computation   of  number   of   2-year-old   branch-needle    infections    from   branch   needles 
infected   in    their   first    year    that    reached   canker   status    in    the   current    year    (IS  -Id) . 
This  relationship  is  the  same  as  in  flow  (S  -1 1 ) . 
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Computation  of  number  of  2-year-old  branch-needle   infections  on  needles   infected 
in   their  first   year    (15)  that   failed   to   reach  canker  status   in   the  current   year 
(15^17).   Computation  of  the  difference  is  again  called  for. 

Computation  of  number  of   3-year-old  hranch~needle   infections    (17)  that   reached 
canker  status   in   the  current   year    (17--18).   The  entire  contents  of  X(17)  flow  to 
X(18). 

Calculation   of  number  of  new  lethal    cankers    (14)  from  last    year's   incipient 
cankers   from  branch-needle  infections   on  needles   in   their   first   year    (13^14) .   There 
is  a  relationship  (fig.  23)  between  the  probability  that  a  branch  canker  will  cause 
a  bole  canker  (lethal  canker)  and  the  distance  from  canker  to  bole  (Slipp  1953) . 
The  relationship  has  also  been  established,  in  the  form  of  published  curves  (Childs 
and  Kimmey  1938) ,  between  proportion  of  lethal  cankers  and  tree  height  at  time  of 
infection.   We  constructed  a  composite  curve  (fig.  24)  from  the  published  data  and 
one  can  readily  see  that  proportion  of  cankers  that  are  lethal  is  related  to  tree 
height  at  time  of  infection. 

Since  there  is  a  definite  relationship  between  tree  height  and  branch  length, 
there  should  be  a  relationship  between  a  certain  size  of  "crown  cap"  and  proportion 
of  cankers  expected  to  be  lethal.   That  is,  there  should  be  some  length  of  crown 
from  the  top  down  that  would  be  associated  with  the  proportion  of  all  cankers  on  a 
tree  that  eventually  would  reach  the  bole.   This  idea  was  tested  by  calculating  the 
proportion  of  target  (needles)  in  a  crown  cap  1  m  in  length.   The  result  (fig.  24) 
was  a  close  approximation  of  the  composite  lethal  canker  curve. 


Calculation   of  number  of  new  lethal    cankers   from  last    year's   incipient   cankers 
If*,  I     from  2-year-old  branch-needle  infections  on  needles   infected  in   their  first   year 

>'«:'  [  (16^-14).   The  explanation  of  this  flow  is  analogous  to  flow  (13^14). 

'«it»jl  ' 

SiJ:  '  Calculation   of  number  of  new  lethal    cankers    (14)  from  last    year's   incipient 

cankers   from  3-year-old  branch-needle  infections  on  needles   infected  in   their  first 
J»£;„.  :     year    (18->-14)  .   The  explanation  of  this  flow  is  analogous  to  flow  (13^14). 

'*!  ',  Calculation  of  number  of  incipient   cankers    (20)  from  1-year-old  infections  on 

«5:i';i       branch  needles  infected  in   their  second   year    (19-^20).   This  flow  is  analogous  to 

c|i;::;.'  :        flow  (12-13). 

Calculation   of  number  of  1-year-old   infections   on   branch  needles    that   failed   to 
,,<♦*»  \  reach  canker  status    (19>20).   The  explanation  of  this  flow  is  analogous  to  flow 

••i*i;5  ;    (i2->i^^ 

J^,;:;;;*  ,  Calculation  of  number  of  incipient   cankers    (22)  from  2-year-old  infections  on 

branch  needles  infected  in   their  second  year    (21->-22)  .   This  flow  is  analogous  to 
flow  (12-13). 

Calculation   of  number  of  2-year-old   infections   on  branch   needles    that   failed    to 
reach  canker  status    (21-23).   This  flow  is  analogous  to  flow  (12-15). 

Calculation   of  number  of  incipient   cankers    (24)  from   3-year-old   infections   on 
branch  needles  infected  in   their  second   year    (23->24)  .   This  flow  is  analogous  to 
flow  (17-18). 

Calculation   of  number  of  new  lethal    cankers    (14)  from  last    year's   incipient 
cankers   from  1-year-old  branch-needle   infections   on  needles   infected  in   their  second 
year    (20-14).   This  flow  is  analogous  to  flow  (13-14). 

Calculation   of  number  of  new  lethal    cankers    (14)  from  last    year's   incipient 
cankers   from  2-year-old  branch-needle   infections   on  needles   infected  in    their  second 
year    (22-14).   This  flow  is  analogous  to  flow  (13^14). 
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Figure  25. --Probabil ity  that  Cronartium  ribicola  branch  canker  will  cause  a  bole 
(lethal)  canker  on  Pinus  monticola  as  expected  from  Slipp's  (1955]  data  and  an 
assumed  probability   if  normal    rust    growth   rate   were   reduced   by   one-half. 
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jigure  24 . --Calculated  (data  from  Childs  and  Kimmcy,  1958)  and  targct-arca-s imuiated 
probability  of  a  Cronartium  ribicola   brancli-canker  reaching  the  bole  of  a  Pinus 
monticola . 
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Calculation   of  number  of  new  lethal    cankers    (14)  from  last    year's   incipient 
cankers   from   3-year-old  branch-needle   infections   on  needles   infected   in    their   second 
year    (24->14)  .   This  flow  is  analogous  to  flow  (13->14).   After  all  flows  have  been 
calculated,  the  number  of  bole  and  lethal-branch  cankers  can  be  determined  by 
summation . 

Also,  if  needle  retention  could  be  reduced  to  2  years  instead  of  3  on  the 
branches  and  1  year  instead  of  2  on  the  stem,  there  would  be  a  great  reduction  in 
effective  target.   If  the  3  years'  branch  needles  are  partitioned  equally  on  the 
tree  (table  19)  and  second-year  needles  are  10  times  more  susceptible  than  current- 
year  needles,  then  elimination  of  second-year  needles  as  a  target  would  reduce 
effective  target  by  91  percent  and  there  would  be  no  effective  target  on  the  stem. 
Thus,  we  have  included  provisions  for  taking  all  stem  needles  and  the  second-year 
branch  needles  out  of  the  model  through  the  Needle  Retention  Factor  (NRF)  that  can 
stop  flows  (6^7)  and  (6^12). 

Calculation  of  number  of  new  cankers  to  appear  on  average  tree  (98).  This  is  a 
bookkeeping  sort  of  flow.  State  variables  11,  13,  16,  18,  20,  22,  and  24  are  summed 
each  year  and  placed  in  X(98). 

Calculation   of  accumulated  number  of  cankers    to   appear   on   an   average    tree 
(98^99).   This  flow  serves  to  keep  a  record  of  all  infections  over  all  simulated 
years.   The  value  in  X(98)  is  added  each  year  to  the  previous  year's  total. 
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The  preceding  parts  of  the  simulator  all  dealt  with  computation  of  the  amount 
of  rust  infection  on   an  average  tree.   The  objective  of  the  stand  infection  submodel 
is  to  expand  the  average  infection  to  a  stand  and  simulate  disease  progress  curves 
for  the  stand.   The  factors  assumed  to  influence  the  curves  are  host-growth  rate, 
fungus-growth  rate,  host  genotype,  stand  age,  rust  genotypes,  natural  canker  inactivatio 
(Kimmey  1969;  Hungerford  1977),  and  the  interaction  of  all  the  above  and  inoculum 
load  over  years.   The  box-and-arrow  diagram  (fig.  25)  for  stand  infection  illustrates 
the  general  concept,  and  the  variables  are  defined  in  table  15  and  flow  descriptions 
are  given  in  table  16. 

This  submodel  is  complex  because  of  relatively  large  numbers  of  interconnected 
flows.   The  order  of  discussion  will  follow  the  flows  beginning  with  (35^43)  and 
ending  at  state  variable  (50),  which  is  the  part  of  the  model  dealing  with  seedlings. 
The  next  route  will  be  (35^36)  and  pertains  to  stem  cankers  originating  from  stem 
needles.   The  branch  (37'>38^39)  leads  to  death  by  cankers  that  remain  always  active 
and  branch  (37^45->46->47)  leads  to  death  by  cankers  that  are  temporarily  inactive. 
The  (35->-44)  route  develops  the  branch  canker  relationships,  and  also  contains  both 
always  active  and  temporarily  inactive  branch  cankers. 


Computation   of  number  of  infected   seedlings    (35^43) .   Branches  on  trees  up  to 
1  m  tall  are  so  short  that  all  cankers  are  considered  lethal.   So  no  distinction  by 
type  of  canker  is  necessary  and  all  cankered  trees  follow  the  same  path. 
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DRRBC 
Trees/ho  ^- 

56 


BCSG 

Trees /ha 
60 


-»<] 


BCISG 

Trees/ha 


DRBC 
Trees/ho 
61 


igiire    25 . --Box-and-arrow  diagram   of  Cronartium  ribicola    infection    in   Pinus  monticola 

stands . 


55 


Table  IS . --Definition  of  variables   used  in   stand  infection   submodel   of   the   white  pine 

blister  rust   simulation 


Variable 


Definition 


State  variables: 
X(351  CLNT 

X(36)  SCIT 


tr: 


If.  *i!>;;' 


X(37) 

X(38) 

X(39) 

XC42) 

X(43) 

X(44) 

X(45) 

X(46) 

X(47) 
X(48) 

X(49) 

X(50) 

X(51) 

X(55) 

X(56) 

X(60) 


SC2T 

SCGS 

SCOT 

CS2Y 

CSIY 

BCIT 

SCI  AS 

SCIGS 

TDRDCC 
CS3Y 

BC2T 

CSDR 

BCIAS 

BCISG 

DRRBC 

BCSG 


Number  of  clean  trees  in  stand,  trees  per  hectare. 

Number  of  stem  cankered  first  year  trees,  trees 
per  hectare. 

Number  of  stem  cankered  second  year  trees,  trees 
per  hectare. 

Number  of  trees  in  stem  canker  girdle  storage, 
trees  per  hectare. 

Number  of  stem  canker  direct  dead  trees,  trees 
per  hectare. 

Number  of  cankered  seedlings  with  second  year 
cankers,  trees  per  hectare. 

Number  of  cankered  seedlings  with  first  year  canker, 
trees  per  hectare. 

Number  of  branch  cankered  first  year  trees,  trees 
per  hectare. 

Number  of  trees  in  stem  canker  inactive  storage, 
trees  per  hectare. 

Number  of  trees  with  stem  canker  and  in  girdle 
storage,  trees  per  hectare. 

Number  of  direct  stem  cankers,  trees  per  hectare. 

Number  of  cankered  seedlings  third  year  cankers, 
trees  per  hectare. 

Number  of  lethal  branch  cankered  2-year  trees, 
trees  per  hectare. 

Number  of  cankered  seedlings  dead  from  rust,  trees 
per  hectare. 

Number  of  trees  with  lethal  branch  cankers  inactive 
and  in  storage,  trees  per  hectare. 

Number  of  trees  with  reactivated  lethal  branch 
cankers  in  storage  for  girdling,  trees  per  liectare. 

Number  of  trees  dead  due  to  rust  from  reactivated 
lethal  branch  cankers,  trees  per  hectare. 

Number  of  trees  with  lethal  branch  cankers  in  storage 
for  girdling,  trees  per  hectare. 

^"  (continued) 


Table  IS . --Definition   of  variables   used  in   stand   infection   submodel    of   the   white  pine 

blister   rust   simulation    (continued) 


Variable 


Definition 


X(61) 


X(74j 


DRBC 


ANRT 


Number  of  trees  dead  due  to  rust  from  lethal  branch 
cankers,  trees  per  hectare. 

Accumulated  number  of  rust  resistant  trees,  trees 
per  hectare. 


User  controlled  variables 

BCIL 

BCPIL 

PER 

ICIAS 

SCIL 

SCPIL 

SORL 

SRRL 

STAND 


Branch  canker  inactivation  level,  percent. 

Branch  canker  permanent  inactivation  level,  percent 

Fungus  encirclement  rate,  meters/year. 

Inactive  period  for  cankers  inactive,  years. 

Stem  cankers  inactivation  level,  percent. 

Stem  canker  permanent  inactivation  level,  percent. 

Spots  only  resistance  level,  percent. 

Stem  reaction  resistance  level,  percent. 

Initial  stand  in  trees  per  hectare. 


Computed  variables: 


See  te.xt 
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The  proportion  of  the  stand  infected  in  any  one  year  is  determined  by  a  regres- 
sion of  proportion  infected  on  average  number  of  cankers  per  tree  (fig.  26) .   The 
data  for  this  regression  were  obtained  from  anywhere  we  covild  find  mention  of  or 
could  calculate  percentage  of  the  stand  infected  versus  average  number  of  cankers  in 
the  stand  (Childs  and  Bedwell  1948;  Childs  and  Kimmey  1938;  Mielke  1943;  Buchanan 
1938;  Macleod^;  and  authors'  unpublished  data).   In  all,  167  data  points  were  found. 
All  influencing  factors  such  as  tree  size,  number  of  years  exposed,  and  site  were 
ignored.   Our  curve  was  nearly  the  same  as  Childs  and  Kimmey 's  (1938)  curve  for 
infection  by  5-foot  height  classes  and  was  very  close  to  Van  der  Plank's  (1975) 
theoretical  curve.   We  assume  that  the  number  of  years  of  exposure  has  no  bearing  on 
this  curve.   That  is  to  say,  it  makes  no  difference  if  a  stand  is  exposed  to  5  years 
of  inoculum  level  L  (total  inoculum  load  =  5L)  or  to  a  single  large  inoculum  load  of 
51.,  the  percentage  of  the  stand  infected  would  be  the  same  in  each  case.   Many  of 
the  data  points  used  in  the  regression  (assuming  that  1  needle  lesion  =  1  canker) 
were  from  one  application  of  heavy  inoculum  load  on  seedlings  in  the  nursery  under 
artificial  conditions  (authors'  unpublished  data).   These  points  seem  to  match  up 
with  others  that  were  obtained  from  field  data  on  much  larger  trees  exposed  to  many 
years  of  natural  inoculum.   We  also  arranged  the  data  into  age  (size)  classes,  but 
no  constant  relationship  was  found.   It  seems  that  age  and  number  of  years  of 
exposure  are  not  as  important  as  infection  level.   This  regression  is  a  very  sensitive 
function  in  the  model.   Any  predictive  value  the  model  may  have  would  depend  a  great 
deal  on  the  accuracy  of  the  infection  probability  function. 


We  make  the  additional  assumption  as  did  Childs  and  Kimmey  (1938)  that  the  same 
general  relationship  must  exist  for  lethal  cankers  as  exists  for  all  cankers. 
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Figure  26. - -Regression  of  proportion  of  Pinus  monticola   stand  infected  on  average 

number  of  Cronartium  ribicola    cankers  per  tree.   Dotted  lines  are  95  percent  confidence 
limits. 


Macleod,  R.  L.   1957.   Pine  disease  survey  and  scouting  for  blister  rust  in  the 
inland  empire,  1937,  p.  112-116.  in   1937  annual  report  Spokane  office  blister  rust 
control.   (Mimeographed)   U.S.  Dep .  Agric,  Bur.  Plant  Quar. 
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Computation   of  number   of  seedlings    that    possess   spots-only   resistance    (43^'-74). 
The  proportion  of  the  stand  exliibiting  spots-only  resistance  (McDonald  and  lloff 
1970  and  1971)  is  given  by  the  externally  supplied  variable--Spot s  Only  Resistance 
Level  (SORL) .   This  resistance  is  actually  expressed  during  the  movement  of  the  rust 
down  the  needles,  but  since  the  infection  portion  of  the  model  simulates  infection 
on  an  average  tree,  this  needle  resistance  cannot  be  accounted  for  on  an  individual 
tree  basis  until  this  point  in  the  simulation.   ll^nce,  the  calculation  is  m;ide  and 
trees  resistant  by  reason  of  the  spots-only  mechanisms  are  removed  from  X(43J  before 
additional  flows  are  calculated. 

Computation   of  one   season's   aging  of  seedlings   with   1-year-old   cankers    (l.S-12). 
The  seedlings  remaining  after  removal  of  resistant  individuals  arc  aged  1  year. 

Computation   of  number  of  seedlings    that   possess   stem   resistance    (42->74)  .   The 
externally  supplied  variable.  Stem  Reaction  Resistance  Level  (SRRL) ,  is  used  to  calculate 
this  flow.   SRRL  is  the  proportion  of  the  stand  that  can  express  a  Stem-Reaction 
Resistance  Level  (see  Hoff  and  others  1975) .   The  flow  is  placed  at  this  point  in 
the  simulator  because  it  takes  2  years  of  canl<er  development  for  the  stem  resistance 
to  sliow  up. 

Seedlings   supporting   2-year-old  cankers  age    1    year    (42^48).   The  rcsistcuit 
trees  are  removed,  and  the  remainder  advanced  1  year.   An  important  point  to  keep  in 
mind  is  that  only  the  first  cankers  on  a  tree  count,  since  tliis  is  the  canker  that 
will  be  first  to  do  damage. 

Computation   of   the  number  of  seedlings   1   m  and   under   in   height   at    time   of 
canker  appearance    that   die   in    the   current    year    (48-50).   Our  experience  shows  that 
seedlings  generally  die  within  5  \'ears  of  canker  ap]")earancc .   The  entire  contents  of 
X(48),  trees  that  liavc  been  cankered  5  years,  are  flowed  to  .\(50).   In  turn,  \(5n) 
is  not  emptied  so  that  the  number  of  seedlings  simulated  to  have  died  fi-om  C. 
ribicola    can  be  accumulated. 

Compilation   of  number  of   trees   when   average   stand   height   is   over   1    m   to   have 
incipient   stem-needle   cankers   appear   from  a    single   season' s   infection    (55-'56).   If 
plants  arc  over  1  m  tall  then  a  proportion  of  the  uninfected  stand  fCLNT)  is  trans- 
ferred to  the  first  stem-needle  cankered  stage  state  variable  X(^5(i). 

Computation   of   the  number  of  direct-stem-infected    trees    that   have   spots-only 
resistance    (5b^74).   Ivcsistant  individuals  are  moved  to  the  resistant  tree  accumula- 
tion state  variable  (74). 

Compilation   of   the   number   of   direct-stem-infected    trees    with   cankers    that    will 
\age   1  more   year    (56^57).   Needle- spot s-on ly  resistance  removes  trees  from  tlic  popula- 
jtion  and  the  remaining  infected  trees  develop  for  one  additional  year. 

I      Computation   of  number   of   infected    trees   over    1    m   in   height    that    exhibit    stem- 
ireaction   resistance   from  stem-needle   cankers    (57-74).   The  on  I  >•  difference  between 

this  flow  and  flow  (42*74)  is  tliat  the  trees  are  assumed  to  he  over    1  m  in  height 

for  the  current  flow. 

Computation   of  number  of   trees   returned    to   CLNT  due    to  permanent    inactivation 
\of  stem  cankers  arising   from  stem  needles    (57->55)  .   This  flow  deals  witli  the  problem 
'of  canker  inactivation  described  by  Kimmey  (1969)  and  liungerford  (1977).   Certain 
i cankers  are  permanently  inactivated  while  others  remain  inactive  for  a  time  then 
j reactivate.   This  is  treated  as  a  probability.   If  the  amount  of  permanent  inactiva- 
tion, or  the  amount  of  reactivation,  the  average  number  of  direct  stem  cankers  per 
infected  tree,  and  the  amount  of  inactivation  are  given,  we  can  calculate  the  probabil- 
ity of  a  tree  exhibiting  only  inactive  cankers.   The  inactivation  and  re;:ct  ivat  ion 
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levels  can  be  given  as  external  variables  and  the  average  number  of  cankers  per 
infected  tree  can  be  given  by  the  calculations  discussed  above.   Theoretically,  if  a 
tree  has  one  direct  stem  canker  and  the  probability  of  inactivation  is  0.4,  then  the 
probability  of  that  tree  having  only  an  inactive  canker  is  0.4  or  if  10  trees  have 
one  canker  each  then  four  of  those  trees  should  have  no  active  cankers.   To  digress 
for  a  moment,  there  are  three  things  that  can  happen  to  a  tree  supporting  cankers: 
(1)  some  cankers  continue  to  grow;  therefore  disease  development  follows  a  normal 
course;  (2)  all  the  cankers  are  permanently  inactivated  and  the  infected  tree  would 
be  classified  as  clean;  (3)  all  the  cankers  are  inactivated  for  a  period  of  time  and 
then  one  or  more  continue  development. 

Thus,  the  flows  from  state  variable  37  to  state  variables  74,  35,  and  45  are 
controlled  by  the  probability  of  an  infected  tree  having  stem  resistance,  that  all 
cankers  have  been  permanently  inactivated,  or  that  all  cankers  have  been  temporarily 
inactivated. 

Computation   of  number  of  trees  infected  with   stem  cankers   from  stem  needles  on 
whijh  all   cankers   will   be   temporarily  inactivated    (37-^45)  .   The  logic  for  calculating 
this  flow  is  the  same  as  outlined  above. 

Computation  of  number  of  trees  supporting  stem  cankers   that  came   from  stem 
needles  and  are  not  resistant   or  have  not  been  inactivated    (37^38) .   This  flow  is 
computed  as  the  remainder  after  removal  of  resistant  trees  and  trees  with  inactive 
cankers . 

llf^l'  '  Computation   of  number  of   trees   in  X(38)    that   will   remain   in   X(38)    for   the 

TSl^f  ''  period  required   to  complete   the  girdling  process    (38->39)  .   Period  required  for  bark 

Ir^i;  i     cankers  established  from  stem-needle  infections  to  girdle  the  bole  is  determined  by 
iugii  ;     a  function  called  GIRDLE  (appendix  IV).   TGIRDl  computes  the  storage  period  for 
"'»**      stem-needle  infections  and  TGIRD2  computes  the  period  for  branch-needle  infections. 

Thus,  the  time  required  for  girdling  is  calculated  separately  for  cankers  originating 
from  stem  and  from  branch  needles.   Computation  of  the  storage  period  for  stem- 
jj;,;,r      needle  cankers  is  based  on  current  tree  height,  past  tree  height,  rust  encirclement 

,■•■"•)•■■  .     rate,  tree  circumference  growth  rate,  and  the  length  of  time  that  elapses  before 

ij-''';.:      death  occurs  after  the  girdle  is  complete. 

J  III,  i»j' " 

■  '■''"■' 

^^„;<g,  '  Computation  of  number  of  trees  with  all   direct   stem-needle  cankers   temporarily 

inactivated  and  placed  into  storage  for   the  duration  of  the  inactivation  period 

f '^I'^'l  j     (45-^46).   So  little  is  known  about  the  inactivation  process  that  we  have  assigned  an 

i;,|!J.&jl  I     external  variable  (ICIAS)  to  define  the  inactive  period. 

!vX;S!31l  I  Computation  of  the  number  of  trees   that  have  had  inactive  cankers  for   the 

«M<"'<««|  '     period  ICIAS  and  now  have  reactivated  cankers   that  will   be  stored   until    the   girdling 

process  is  complete    (46-^47)  .   The  flow  simply  holds  the  infected  trees  with  no 

change  for  the  period  ICIAS  as  set  by  the  user. 

Computation  of  the  number  of  trees   to  have  new  lethal   branch  cankers  appear  in 
the  current  simulated  year    (35->-44)  .   After  trees  supporting  stem-needle  cankers  have 
been  removed  from  CLNT,  we  must  next  account  for  trees  supporting  lethal  branch 
cankers . 

Computation   of  number  of  branch-cankered   trees   that   have  spots-only   resistance 
(44-^74).   The  rationale  for  this  flow  is  the  same  as  flow  (43-^44). 

Computation  of  number  of  branch-cankered   trees   that  age   1   year    (44->-49)  .   After 
the  resistant  trees  are  removed,  the  infected  trees  are  transferred  to  X(49). 

Calculation  of  stem-reaction  resistance   trees   in   the  branch-cankered  population 
(49->74).   The  rationale  for  this  flow  was  discussed  under  (42->-74)  . 
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Computation   of  number  of  BC2T   trees   with  permanently   inactivated  brancli   cankers. 
Such   trees   have   returned   to    the   uninfected  state   for   reinfection    (49'35).   An 
externally  supplied  variable  sets  the  level  of  permanent  branch  canker  inact ival  ieii . 

Compilation   of  number  of  trees    that   v.'ill    have  all    branch   cankers    temporarily 
inactivated  for   the  period  ICIAS    (49->51).   Most  of  the  r:'tionnle  has  been  discussed. 
An  external  variable  sets  tlie  level  of  temporary  branch  canker  inactivation  and 
another  external  variable  sets  the  length  of  the  inactive  period  for  both  l^ranch- 
needle  and  stem-needle  cankers. 

Computation   of  number  of   trees   that   will    go  into  storage   for    the    time    it    takes 
the   rust    to  grow  down    the  branch,    girdle   the   stem,    and  kill    or   top-kill    the    tree 
(49^60).   This  flow  simply  sets  up  the  value  that  is  to  be  stored.   '['he  next  flov 
executes  the  storage  process. 

Computation   of  number  of   trees   in   BCSG    that   will    die   in   a    given    year    {(■>0-b\]  . 
The  rationale  for  this  flow  is  discussed  under  flow  (38--39)  . 

Computation   of  number  of   trees  on   which  all    branch   cankers   have   been   inactivated 
and   on   each  of  which  at    least   one   canker   will    be   reactivated    (51-.SS).   The  period  is 
defined  by  the  external  vari;iblc  ICIAS. 

Computation   of  number  of   trees    that   will    be   da<naged   by    reactivated   i.:ankert,    in 
TGIRD2    years   after   cankers   have   been   inactive   for   ICIAS    years    i  .tS  ^5(0  .   This  flow 
adds  the  inactive  period  ICIAS  to  the  INDX  time  already  computed  in  order  to  /.ii'iuiat'^ 
the  tree  growth  that  occurred  during  ICIAS.   The  circumference  of  the  jioint  i..f  ontr^ 
is  now  larger;  therefore,  girdling  will  take  longer. 


DISCUSSION 
Verification 

!     You  have  seen  the  step-by-step  process  of  model  formulation.   The  next  step 
will  be  programing  the  model  for  computer  operation.   Our  programing  objectiv'c  will 
be  to  allow  for  the  annual  status  of  any  state  variable  to  be  jilotted  and  to  incorpor- 
ate various  operational  modes  from  complete  random  selection  of  infection  weather  to 
bontrol  of  infection  year  and  stand  age  when  infection  occurs  so  that  various  "what 
if"  games  can  be  played.   After  programing,  the  simulation  will  have  considerable 
research  value.   But,  before  being  used  to  directly  assist  in  management  decisions, 
it  must  be  verified.   The  steps  that  should  be  taken  range  from  ca  1  i  !)rat  ion-]-»red  i  ct  ion 
tests  to  verification  of  individual  components  through  experimentation. 
j 

The  simulator  is  nothing  more  than  a  hypothesis  about  the  real  world  and,  as 
such,  it  can  never  be  complete.   But,  it  should  be  able  to  assist  us  in  our  reading 
)f  real  situations  and  predicting  alternate  outcomes.   Obviously,  we  cannot  predict 
leather,  but  we  can  read  weather  and  other  input  data  and  compare  actual  and  predicted 
results.   Many  such  predictions  could  be  made  and  the  simulator  could  be  modified  as 
lata  are  accumulated.   At  the  conclusion  of  the  general  verification  procedure,  the 
range  of  the  simulator's  applicability  and  capability  should  be  well  understood. 

Verification  should  include  mapping  Ribes   and  pine  populations,  monitoring 
leciospore  production  and  rust  buildup  on  Ribes    fbush  by  bush),  and  recording  weatlier 
lata  such  as  days  after  April  1  to  midpoint  of  an  infection  period,  infection  period 
luration,  average  temperature  of  infection  period,  and  pattern  of  infection  jieriod 
jccurrence.   Occurrence  of  incipient  cankers  should  then  be  recorded  each  year  i'or  a 
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period  of  years.   The  input  data  (weather;  pine  host  parameters,  such  as  stocking 
age,  needle  length,  and  number  of  stomatal  rows;  and  Ribes   bush  species  and  density) 
would  be  used  to  predict  the  levels  of  the  various  applicable  state  variables.   Some 
outputs  such  as  basidiospore  load  need  not  be  measured  directly,  because  the  objective 
would  be  to  predict  pine  damage  from  easily  measured  parameters.   Aeciospore  load 
does  need  to  be  measured  directly,  because  we  do  not  have  a  value  of  aeciospore  load 
that  is  a  required  input  parameter.  Ribes,   pine,  rust,  and  weather  variables  would 
be  entered  for  a  given  year  over  a  number  of  different  sites  that  would  vary  in 
aspect,  elevation,  site  quality,  pine  age,  Ribes   density,  and  Ribes   species  composi- 
tion.  In  5  to  10  years,  the  simulator  could  be  verified,  calibrated,  and  ready  for 
use  by  forest  managers. 

Additional  Research 

The  model  formulation  phase  of  the  blister  rust  simulator  has  highlighted  many 
areas  in  need  of  additional  research.   Areas  of  greatest  need  will  be  discussed  in 
order  of  their  appearance  in  the  model  formulation.   The  first  major  function 
HEIGHT  (appendix  II)  was  modeled  on  the  basis  of  a  very  small  amount  of  data.   The 
mensurational  literature  contains  little  on  annual  height  increment  of  western  white 
pine.   In  fact,  the  whole  area  of  the  relationship  between  tree  growth  and  target 
area  needs  additional  work.   For  example,  there  is  one  report  relating  some  crown 
parameters  to  number  of  needles  (Buchanan  1936)  in  white  pine;  but  more  data  are 
needed  in  order  to  address  the  effects  of  site  quality,  aspect,  elevation,  slope, 
and  competing  vegetation.   In  addition,  little  is  known  of  the  influences  of  environ- 
ment on  needle  length  and  number  of  rows  of  stomata,  both  of  which  appear  to  have  a 
considerable  influence  on  effective  target. 


il;**!'  The  relationships  shown  in  figures  27  through  50  are  crude  empirical  functions 

C|;;|l  ■     of  the  influence  of  sunlight  on  Ribes   density.   These  important  relationships  could 

'*'***  be  refined  experimentally  for  many  different  Ribes   species  and  sites.   These  are 

„,,..'  important  relationships  to  understand  because  with  understanding  there  is  an  opportunity 

*^-;  for  us  to  manage  pine  stocking  density,  which  can  have  a  direct  effect  on  Ribes 

;«,;/^:i  density.   Conversely,  stands  opened  by  the  death  of  trees  susceptible  to  blister 

j;'";f'|i  rust  may  result  in  increased  Ribes   density.   Some  work  has  been  done  on  these  ecological 

'"  "'  relationships  (Wellner  1946),  but  much  more  is  needed  to  fully  integrate  these 

possibilities  into  a  rust  management  plan  and  to  make  this  model  more  realistic. 


Greater  breadth  of  data  is  needed  to  round  out  our  understanding  of  the  four 


(■'^,'!*«'      important  physical  aspects  of  pine  target--needle  number,  needle  length,  number  of 
•il??:!sii  i     stomatal  rows,  and  period  of  needle  retention.   We  need  to  know  more  about  the 
J*™;:^1  1     relative  contributions  of  both  environment  and  genetics  to  variation  of  these  traits 
I'Z'^l   ,     because  there  may  be  some  opportunities  for  breeding  or  stand  manipulation  to  shift 
stands  to  an  unfavorable  condition  for  the  rust.   It  might  be  possible  to  regulate 
needle  length  and  number  of  stomatal  rows  by  stocking  density  and/or  species  mixes, 
as  well  as  by  breeding.   Aspect  and  nutrient  status  of  the  site  could  also  influence 
these  characters.   We  should  acquire  enough  understanding  so  that  we  do  not  inadvert- 
ently make  one  or  more  of  the  factors  more  favorable  to  the  rust.   Period  of  needle 
retention  is  of  special  importance  and  will  be  discussed  more  fully  here. 

More  knowledge  is  needed  concerning  the  Ribes   target  as  well.   How  do  various 
site  conditions  influence  number  of  leaves  per  bush,  size  of  leaves,  and  stomatal 
frequency?  How  does  Ribes   genetic  susceptibility  vary  from  site  to  site  and  species 
to  species?   For  example,  in  our  detached  leaf  inoculations,  hundreds  of  urediospore 
transfers  were  made  to  four  clones  of  Ribes  hudsonianum.      One  clone  became  infected 
at  about  the  85  percent  rate;  another  was  positive  about  50  percent  of  the  time;  but 
the  two  remaining  clones  remained  disease-free.   Research  is  needed  on  the  hypothesis 
that  this  situation  could  be  explained  by  a  group  of  specific  races  of  the  rust, 
because  the  two  clones  that  will  not  accept  our  restricted  rust  population  were 
lightly  infected  in  the  field. 
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Figure    27. 
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-Number  of  Ribes  hudsonianuvn   bushes  per  hectare  as  a  function  of  proportion- 
full-  sun. 
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iFigure  28. --Number  of  Ribes   inerme   bushes  per  hectare  as  a  function  of  proportion- 
full  -sun. 
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Figure   29. --Number   of  Ribes   lacustre  bushes   per  hectare   as   a   function   of  proportion- 
full  -sun. 
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Figure  30. --Number  of  Ribes  viscosissimum   bushes  per  hectare  as  a  function  of  proportion- 

ful 1-sun. 
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In  addition  to  the  above,  we  performed  a  surve>'  of  C.    ribicoia    infections  on  /.' . 
viscosissimum   at  the  West  l-'ork  o\'   Merr\'  (^reek  oiitpl  ant  i  nj',  site  ( P.  i  nj'.haiii  and  othei's 
1973)  on  Aut;ust  S,  1977.   Ue  randoml}'  selected  9J  inishes  fi-oiii  a  sti'ip  across  the 
center  of  the  outplanting.   Of  tlie  9J  buslies  inspected,  4(1  were  disease  free;  If) 
supjiorted  very  sparse  infections,  and  20  were  lieavil)'  infected.   Ail  tliree  kinds  oi" 
buslics  appear  to  be  located  at  random.   Heavily  infected  bushes  wei'e  alwaNs  sui-rouiuicd 
by  disease-free  or  lij;litl>'  infected  bushes  (see  Ikum  1928). 

These  two  observations  and  Halm's  (1928)  findinj^s  under  j^i-ecnhouse  conditions 
indicate  tliat  rust  resistance  probably  exists  in  Ribes   pojuilat  ions .   ilow  widespread 
is  it,  wliat  arc  the  genetic  and  environmental  components  of  its  variation,  and  can 
we  manage  stands  of  white  jiine  so  as  to  increase  the  resistance  m  Ribes   or  at  least 
not  decrease  it? 

Very  little  is  known  about  tlie  jKitterns  of  aeciospoi'e  dispei'sal  and  viabilit)'. 
Aeciospore  inoculum  density  should  be  measured  at  a  number  of  sites  and  those  levels 
related  to  nearby  aeciosjiorc  sources.   We  need  more  information  about  the  duration 
of  aeciospore  viability  and  j^eriod  of  release,  and  little  is  known  about  the  aeciospore 
infection  process.   Can  we  expect  to  exercise  any  control  over  aeciospore  loads  or 
do  we  want  to  try? 

This  modeling  effort  has  uncovered  a  series  of  ((uestions  about  both  aeciosjiorc 
and  urediospore  infection  processes.   A  model  of  infection  is  presented  simply  to 
suggest  a  framework  to  facilitate  additional  studies.   The  ideas  ai:iout  individual 
infection  life  cycles  and  productivity  should  be  subjected  to  experimentation.   IVe 
should  learn  how  these  aspects  of  C.    ribicoia    are  controlled  and  how  they  contribute 
to  the  epidemic.   Are  there  opjiortuni  t  ies  for  management  or  pitfalls  to  be  avoided? 

Some  aspects  needing  research  are  influence  of  temperature  and  moisture  on 
aeciospore  and  urediospore  germination  jiercentagc ,  period  of  germination  lag,  period 
iof  germination,  and  germ  tube  growth  rate  on  both  water  agar  and  leaves.   Additional 
knowledge  is  needed  about  the  relative  patterns  of  sjiorc  attachment  and  stomatal 
llocation.   How  are  electrostatic  forces  involved  in  the  infection  ]irocess?   How 
iimportant  are  the  various  methods  of  s)")ore  dispcrsioTi  (wind,  water,  and  animals)  to 
natural  inoculation  with  urediosjiores? 

j     In  spite  of  all  the  past  work  on  and  the  importance  of  teliosjiore  jiroduct  i  on , 
it  still  remains  an  uncontrollable  variable.   One  cannot  routinely  |")roducc  teliospores 
in  a  laboratory  setting.   The  factors  that  influence  teliospore  production  in  the 
field  are  not  really  known.   Can  aecial  infections  produce  teliospores  or  are 
Urediospore  infections  recjuired?   What  triggers  the  initial  formation  of  te  1  i  osjioi'es? 
Once  an  individual  infection  begins  producing  teliospores,  can  it  subsecjuent  ly 
produce  more  uredios]")ores? 

In  addition  to  knowing  the  trigger(s)  that  change  urediospore  production  to 
teliospore  production,  we  need  more  data  on  variation  in  teliai  column  length, 
diameter,  and  growth  density.   There  appears  to  be  a  strong  Ribes   sjiecies  comjionent 
to  all  these  factors,  and  an  environmental  component  probably  also  cont  I'i  butcs . 
(nowledge  about  these  rust  traits  is  important  l^ecause  column  size  and  densit_\' 
Influence  rate  of  release  of  basidiospores  which  have  a  direct  bearing  on  the  number 
)f  basidiospores  released  per  infection  period.   for  example,  if  the  same  number  of 
".eliospores  v\rere  "packaged"  in  many  long,  slender  columns  as  o]iposed  to  a  few  long 
:hick  columns,  the  long  slender  columns  would  enjoy  a  considerable  atlvantage  in 
causing  pine  infections  during  short  infection  periods  because  oi'   a  higher  basidiospore 
Release  rate.  Ribes  lacustre   tends  to  produce  long  slender  columns  and  also  appears 
CO  cause  more  damage  than  would  be  expected  on  the  basis  of  telia!  column  density. 
Perhaps  the  rust  on  R.    lacustre   can  make  more  efficient  use  of  short  infection 
leriods.   How  many  other  subtle  differences  in  the  rust  might  exist  both  within  and 

69 


between  Ribes   species?  How  much  of  this  variation  could  be  used  to  our  advantage, 
and  how  much  constitutes  pitfalls  that  can  hinder  our  efforts  to  develop  a  workable 
strategy  of  rust  management? 

Another  area  of  teliospore  biology  that  is  in  need  of  further  research  is 
germination  and  basidiospore  production  ratio.   What  conditions  influence  germination 
of  teliospores  and  the  number  of  basidiospores  produced  per  teliospore  germinated? 
This  information  is  needed  for  incorporation  into  the  model  and  may  be  of  value  in 
developing  alternative  control  measures.   Also  a  better  understanding  is  needed  to 
facilitate  screening  of  pine  populations  for  resistance  by  way  of  more  efficient  use 
of  available  inoculum.   Many  of  the  traits  concerned  with  teliospore  production  and 
germination  may  be  amenable  to  some  sort  of  manipulation  procedure,  either  genetic 
or  environmental. 

The  basidiospore  dispersion  portion  of  this  model  was  based  more  on  simple 
assumptions  than  available  knowledge  about  the  movement  of  fungal  spores  in  the  air 
could  lead  to.   But,  specific  empirical  knowledge  about  Cronartium  ribicola   basidiospore! 
dispersion  was  used  to  make  the  simplified  assumptions.   Since  a  more  sophisticated 
approach  would  require  a  large  additional  effort,  the  simplified  model  should  be 
tested  before  further  work  is  done  on  basidiospore  dispersal. 
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Despite  many  reports  (Patton  and  Johnson  1967;  Hansen  1972;  Hansen  and  Patton 
1977;  Hirt  1942)  the  infection  of  pine  by  basidiospores  is  poorly  understood. 
Results  of  artificial  inoculations  are  extremely  variable.   According  to  the  theore- 
tical treatment  by  Van  der  Plank  (1975) ,  there  should  be  a  tight  linear  relationship 
between  the  amount  of  inoculum  and  the  amount  of  disease.   Regarding  blister  rust  on 
western  white  pine,  this  relationship  appears  to  be  very  loose  (authors'  unpublished 
results),  as  shown  by  the  fact  that  the  value  defined  as  basidiospore  infection 
yield  ratio  (BIY) ,  which  is  the  slope  of  the  regression  of  infections  on  inoculum 
load,  is  highly  variable. 

Many  factors  can  influence  this  ratio,  and  most  have  already  been  discussed. 
The  primary  research  needs  are:   (1)  to  measure  the  influence  of  temperature  and 
moisture  on  percentage  of  basidiospore  germination,  germination  lag  period,  germina- 
tion period,  germ  tube  growth  rate,  and  germ  tube  morphology;  (2)  to  measure  the 
influence  of  pine  genotype  and  Ribes   species  on  the  above  rust  traits;  and  (3)  to 
determine  the  role  of  needle  surface  waxes  and  electrical  charges  on  spore  trapping 
in  different  environmental  conditions  and  on  various  host  genotypes. 

Another  area  needing  attention  is  the  transport  of  the  spore  to  the  near  vicinity 
of  the  iieedle.   What  role  does  wind  play?  We  have  noticed  considerable  variation  in 
basidiospore  size.   Does  this  variation  of  basidiospore  size  interact  with  atmospheric 
conditions  to  cause  variations  in  amounts  of  disease  in  such  a  way  that  management 
options  can  reduce  losses?   Does  basidiospore  size  variation  relate  in  some  way  to 
racial  variation  of  C.  ribicola?     [low  does  needle  orientation  influence  amounts  of 
infection?  What  are  the  genetic  and  environmental  components  of  the  variation  in 
needle  orientation? 


The  relative  susceptibility  of  secondary  needles  of  different  ages  is  a  feature 
of  the  blister  rust  system  that  is  of  primary  concern,  because  the  literature  reports 
that  current-year  needles  are  up  to  14  times  less  susceptible  than  needles  in  their 
second  or  third  year.   If  this  is  true,  then  a  very  appealing  control  option  would 
be  to  defoliate  trees  to  rid  them  of  2-  and  5-year-old  needles  after  a  heavy  infection 
season.   Differential  defoliation  chemicals  such  as  Bthephon  (Griffing  and  Ursic 
1977)  need  to  be  tested.   Breeding  western  white  pine  for  2-year  branch  needle  and 
1-year  stem  needle  retention  is  also  possible.   If  one  were  to  develop  this  idea,  we 
believe  the  first  task  should  be  to  investigate  differential  susceptibility  more 
fully.   Some  knowledge  about  the  effects  of  differential  defoliation  on  growth  is 
already  available  (Linzon  1958) . 
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Available  knowledge  about  the  rate  of  appearance  of  cankers  fi-oni  neetllc  infections 
and  growtli  of  cankers  down  l)ranclies  is  limited  to  tlie  original  white  pine  population. 
Natural  selection  by  the  rust  over  the  past  40  years  for  increased  resistance  in  the 
pine  could  have  caused  large  clianges  in  these  relationships.   So,  current  wild  pine 
populations  may  behave  differently  than  expected.   These  r-e  1  at  i  onsh  i  ps  sliould  also 
be  considered  in  artificial  breeding  programs.   (airrently,  thev  are  not.   I)ela\'ed 
appearance  of  the  rust  in  the  stem  could  lead  to  greater  losses  of  infections  when 
needles  are  naturally  shed.   A  factor  that  might  work  in  opposition  is  that  infected 
needles  in  the  absence  of  needle-shed  resistance  ma\'  be  selectively  i-etained  bv  tlu^ 
tree. 

The  portion  of  the  simulator  that  partitions  branch  infections  into  harmless 
branch  cankers  and  lethal  branch  cankers  is  based  on  limited  data.   This  poi'tion 
should  be  studied  further  if  sensitivity  analysis  demonstrates  that  it  is  an  important 
relationshi]).   Wc  need  a  better  understanding  of  how  natural  inact i vat i on ,  biological 
agents,  resistance,  and  environment  influence  a  canker's  capacity  to  grow  from  the 
branch  into  the  bole.   Tliese  relationships  have  an  important  bearing  on  the  management 
options  one  might  select.   Breeding  for  a  rate  of  reduced  rust  growth  or  development 
of  genetic  and  cultural  means  to  increase  tree  growth  rate  could  greatly  infKience 
amoimt  of  rust  damage. 

The  key  fiuiction  in  the  stand  infection  submodel  was  derived  from  the  regression 
of  proportion  infected  on  average  number  of  trees  infected.   It  appears  that  this  is 
another  highly  sensitive  relationship  in  the  model.    A  much  larger  data  base  is 
peeded  for  the  regression  of  stand  infection  on  average  luimber  of  cankers  per  tree. 
Even  though  tlie  curve  illustrating  this  function  is  close  to  the  theoretical  curve 
given  by  Van  der  Plank  (1975)  for  diseases  in  general  and  I\v  Chi  Ids  and  Kimmey 
(1938)  for  random  blister  rust  infection  in  a  liomogeneous  stand,  we  still  Tieed  to 
know  how  the  envi  roiniicnt ,  tree  size,  tree  age,  inoculum  load,  pine  genotype,  and 
oine  species  influence  this  function. 

Knowledge  about  natural  inactivation  is  very  limited;  also,  a  minimum  amount  of 
laffort  was  expended  on  this  portion  of  the  simulation.   There  should  be,  hov\fever ,  a 
^ood  deal  more  effective  way  to  represent  even  the  amount  of  information  that  is 
Available.   Since  we  do  know  that  inactivation,  both  permanent  and  temporary,  occurs 
||^Hungerford  1977)  ,  sensitivity  analysis  should  be  used  to  determine  the  importance 
!pf  canker  inactivation  before  additional  effort  is  expended  on  recasting  the  model 
j^r  acquiring  new  knowledge.   Management  options  ranging  from  breeding  to  utilization 
f  biological  control  agents  might  apply  here. 

The  representation  of  girdling  of  boles  could  use  a  more  complete  ti'catment  of 
tanker  placement  in  the  crown  and  a  better  calculation  of  period  of  growth  down  the 
|)ranchcs  to  the  stem.   Again,  due  to  lack  of  knowledge,  a  simplistic  represent  at  i  nn 

;as  develoiied  to  provide  a  place  for  this  aspect  of  the  disease.   If  additional 
liodeling  efforts  are  deen:ed  necessai\\'  in  the  future,  a  more  complete  model  can  be 

ubst i  tuted. 

A  very  imjK^rtant  piece  of  information  tliat  is  i-elated  to  man>'  aspects  o\'    tlie 
hole  model  is  growth  rate  oi'   the  fungus.   IVe  have  madc>  tlie  assumption  that  growth 
ate  of  the  fungus  is  independent  of  growth  rate  of  the  host.   Since  we  have  no 
nformation  on  the  influence  of  site  or  other  factors  on  fungus  growth  rate,  the 
arameter  (Fr.R)  is  a  user-controlled  variable.   Because  oi'   the  potential  impoi-tance 
f  this  variable,  it  should  receive  high  priority  in  any  future  modification  or  use 
f  this  simulator. 

The  current  form  of  the  blister-rust  simulator  is  an  initial  and  most  i  ncoiii]!  1  et  e 
epresentation  of  the  real  s\'stem.   But,  it  still  pi'ovides  a  pai-tial  ilefinition  o\' 
he  boundaries  of  the  blister-rust  system.   Definition  should  lead  to  a  clearer 
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concept  of  how  a  change  (application  of  a  management  option)  in  one  part  of  the 
system  is  connected  to  a  change  in  another  part.   Such  understanding  can  greatly 
facilitate  our  ability  to  formulate  experiments,  to  gain  knowledge  about  the  system, 
and  to  develop  management  prescriptions  that  will  reduce  the  impact  of  the  rust  on 
ecosystems  containing  white  pines. 
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APPENDIX  I 
Quantitative  Models 

The  derivation  of  relationships  amony  state  variables  will  be  detailed  in  this 
section.  Forcing  functions,  donor-controlled  or  donor-recipient  controlled  inter- 
actions, are  developed  for  each  flow  within  a  given  submodel.   Each  flow  will  he 
discussed  under  a  subheading  composed  of  the  flow  name.   In  referring  to  the  box- 
and-arrow  diagrams,  remember  that  the  dotted  lines  show  where  various  functions 
apply  when  it  is  possible  to  have  one  derivation  aj'jply  to  the  relationship  between 
more  than  one  set  of  state  variables.   Only  the  flow  equations  and  their  derivation 
are  discussed  in  this  section. 


A'////-.v  DnNSlTY  SUHM()Di;i 
A'//',  *  ( .{'iKM.ilion 

The  principal  derivation  in  tliis  submodel  was  the  Ribes   density  function  for 
each  of  the  four  major  Ribes   species;  but  before  we  begin  that  derivation  we  must 
look  at  the  computaton  of  Proportion  Full  Sun  (PFS) ,  which  depends  on  tree  lieight 
and  density.   Tree  height  is  computed  by  function  HEIGHT  from  site  and  age  data  as 
discussed  in  appendix  II.   Stocking  density  and  tree  height  are  used  to  model  stand 
basal  area  in  square  meters  per  hectare.   Basal  area  was  defined  as  the  total  cross 
sectional  area  of  stems  1  incli  and  larger  at  breast  height  per  unit  of  land  area, 
where 

Cross  sectional  area  =  TTd.b.h.^/4, 

=  0.786  d.b.h.2. 

We  assumed  that  the  height  calculated  by  function  height  is  the  average  height  for 
all  trees  in  the  stand  being  simulated  (Current  Tree  lieight  [CTIl]  1  ,  and  th.at  the 
d.b.h.  of  a  tree  of  height  CTH  is  the  average  d.b.h.  for  the  stand.   D.b.h.  as  a 
function  of  tree  height  was  obtained  from  a  regression  of  total  tree  height  on 
d.b.h.  (Oeitschman,  Glenn  H.,  unpublished,  this  Station): 

n  ;  1   •     .  ^™  -  1.14 

D.b.h,  in  meters  - 


7S.59 

Current  Basal  Area  per  hectare  fCBA)  is  estimated  by  multiplying  stems  per  hectare 
by  the  average  cross  sectional  area  as  follows: 

CBA  =  TLT'0.786  ( [CTH- 1 . 14 ] /75 . 59) ^ 

where 

TLT  =  Total  number  of  Living  Trees  per  hectare  (computed  variable). 

An  empirical  function  that  relates  PFS  (Proportion  Full  Sunlight)  to  basal  area 
(Wellner  1948)  was  used  as  follows: 

Light  intensity  (PFS)  =  e- (() .  (12-CBAj. 


The  blister  rust  eradication  program  accumulated  extensive  records  on  the 
numbers  and  species  of  Ribes   plants  removed  during  the  first  working.   These  records 
are  summarized  in  table  17  for  the  Kootenai,  Cabinet,  Clearwater,  St.  Joe,  Coeur 
d'Alene,  and  Kaniksu  National  Forests  of  northern  Idaho  and  western  Montana  (Swanson^) . 
The  data  were  recorded  by  stand  type  (open  reproduction,  dense  reproduction, 
open  pole,  dense  pole,  open  mature,  dense  mature,  and  burn),  without  definitions. 
In  order  to  associate  a  light  level  with  Ribes   density,  a  few  assumptions  were  made 
using  white  pine  stand  tables  (Haig  1932).   We  assumed  reproduction  to  be  under  20 
years  old,  pole-sized  material  to  average  50  years  of  age,  and  mature  trees  to 
average  140  years  of  age.   Open  reproduction  was  assumed  to  be  stocked  at  200  trees 
per  acre,  open  pole,  100  trees  per  acre,  and  open  mature,  25  trees  per  acre.   Armed 
with  these  assumptions,  we  calculated  the  levels  of  light  intensity  for  each  type  of 
stand  (table  17) .   This  method  assumed  a  constant  relationship  between  shading  and 
basal  area,  which  we  know  is  not  strictly  true,  but  presently  we  have  no  better 
information. 

Table  17 . --Number  of   Ribes  bushes   eradicated  per   hectare   during   the    years    1929    to    1937 

in   northern    Idaho   National    Forests 


eg:;: 


<'*.'«'  •''  ill 


Stand 
type 

Proportion 
full  sun-^ 

Open 
reproduction 

0.99 

Dense 
reproduction 

.82 

Open  pole 

.96 

Dense  pole 

.43 

Open  mature 

.91 

Dense  mature 

.22 

Burn 

1.00 

R.  R.  R. 

lacustre  viscosissimum  petiolare 


R. 
inerme 


217 

77 
103 

52 
160 

29 
169 


613 

69 
93 
31 

82 

8 

670 


1.0 

.4 
.6 

.05 
.9 

.05 
2.2 


6.3 

3.0 
3.4 
1.3 
1.4 
1.6 
4.6 


■^Relative  amount  of  sunlight  reaching  the  forest  floor.   See  text  for  method  of 
determination. 


Swanson,  H.  E.   1937.  Ribes   eradication.  Inland  Empire,  1937.  p.  23-25.  in   1937 
annual  report  Spokane  office  blister  rust  control.   (Mimeographed)  U.S.  Dep.  Agric, 
Bur.  Plant.  Quar. 
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Finally,  we  fit  a  power  function  to  the  data  in  table  17  to  derive  tlie  i-e  1  at  i  onsh  i  p 
giving  bushes  per  hectare  as  a  function  oi'   projTortion  of  full  sunlight  (tig.  27,    JS, 
29.  antl  SO).   fach  species  follows  the  same  general  trend,  but  ttie  specilic  cui-\-e  for 
each  is  different.   The  general  function  {Ribes   density  function)  that  seems  to  best 
fit  the  available  data  is: 

RD.  =  321    +   a2i  PFS'^2i 
wnere 

(aoi,  <3ii-  a2\    =  estimated  ]Kirameters; 
for 

R.    hudsoniani'm  i  =  1,  aQj  =  0.0.'^,  an    =    2.  IS,  a^i    =  Id.SS, 

R.    inerme  i  =  2,  aQ2  =  1.4S,  ajo  =  4 .  .S5  ,  322    -    11. Ml, 

R.    lacustre  i  =  .S ,  593  =  4  0.0,  a^^    =    190.0,  3^3  =  1 0 . 0() , 

R.    viscosissimun  1=4,  aQi^    =    40.0,  a  |  l,  =  dOO.O,  3^14  -    27.0,S. 

These  relationships  are  illustrated  in  figures  27,  28,  29,  and  .SO.   If  a  Ribes 
eradication  program  had  been  applied  in  the  case  of  Ribes   viscosissimum   the  input 
variable  would  be  bRADi^  ferad  icat  ion  level  of  R.    viscosissimum   in  bushes  per  hectare) 
instead  of  being  computed  by  the  density  function.   This  value  is  less  than  0  when 
no  eradication  program  is  underway,  0  when  this  species  is  absent,  and  some  value 
greater  than  0.0  that  is  etjual  to  the  number  of  buslies  per  hectare  left  after  tlie 
eradication  has  been  performed.   If  eradication  was  not  practiced  or  the  bush 
density  was  not  set.  tlien  the  empirical  function  just  derived  that  relates  Ribes 
density  to  Projiortion  of  l-u  1  1  Sunlight  (Pl-S)  comes  into  ]ila\'.   The  ribes  dcnsit)' 
submodel  and  the  various  management  opitions  are  summarized  in  equation  1: 

aoi  +  aiiPFS'^^i  .  f^^,  [,(^^q   <  g 

.J,^  ,   -,   ^      ,  ,   =   ('  :  for  liRAD.  =  0 

(5->l  ,  2  ,  .■),  or  4 )  1 

FRAD.  ;  for  l:RAb.  >  0.  (  1  ) 

1  I 

=  RD. 
I 
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Aeciospore  generat  ion . --The  derivation  of  this  flow  equation  is  simple.   The  assumed 

or  measured  value  of  Aeciospore  Ma.ximum  Hourly  Load  (AMliLj  is  multiplied  by  the 

duration  of  the  infection  period  fDlP)  in  hours  to  give  the  potential  spore  load  in 

aeciospores  per  square  centimeter  for  the  designated  infection  period.   Tlius: 

J,^^    ^.  ^       =    AMIIL  DIP. 
(  75-^7 ()J  1 

=  PASL. 

1 

where 


PASL  -    Potential  Aeci spore  Load 
i  =  index  to  Ribes   species. 
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Aeciospore  availability . --We  felt  that  a  normal  curve  best  fitted  the  pattern  of 
occurrence  of  aeciospores  over  time  (fig.  6),  and  that  the  Weibull  function  (Bailey 
and  Dell  1973)  adequately  described  this  distribution: 

,  c 


y  =  e(c/i))  ((x-a)/i))    -e  ^'  (2) 


where 


a,h,c     -   variable  parameters 
e  =  base  natural  log 
X  =  known  parameter 
y  =  unknown  parameter. 

In  order  to  use  the  above  approach,  we  needed  to  develop  some  way  to  determine 
date  of  appearance  of  aeciospores.   In  the  spring  of  1976,  we  collected  aeciospores 
in  our  nursery  beds  located  at  Moscow,  Idaho;  in  a  natural  stand  near  Clarkia, 
Idaho;  and  in  a  natural  stand  at  the  Priest  River  Experimental  Forest.   Blisters 
appeared  in  early  April  at  Moscow  and  in  early  May  at  Clarkia  and  Priest  River. 
These  times  of  appearance  were  matched  with  the  summation  of  average  daily  temperature 
(maximum  and  minimum  averaged).   In  each  case,  blisters  appeared  when  the  average 
temperature  summed  to  80°C  degree  days  in  no  more  than  10  days  after  a  24-hour 
average  of  less  than  4°C.   These  criteria  can  be  used  to  establish  an  expected 
appearance  date  from  published  weather  records.   Our  experience  indicated  that  about 
^t^**\  7  days  after  appearance,  the  first  blisters  break.   Hence,  Date  of  first  Aeciospore 

-■l^i!i|i  '     aPpearance  (DAP)  will  be  recorded  as  date  of  blister  appearance  +  7  days  and  will  be 
■  iSlit;-:  '     expressed  as  days  after  April  1  (also  see  Hirt  1964,  p.  14).   The  aeciospore  availability 
i'^i'f  '  function  (fig.  6)  is  used  to  compute  proportion  of  the  peak  spore  load  that  is 

*»^;!''  i     available  on  a  specified  date. 

,^',„!         The  number  of  AecioSpores  Trapped  per  square  centimeter  during  a  given  infection 
"■'iS-i  :     period  (AST)  is  calculated  as  a  function  of  days  after  appearance  of  the  aeciospores 
''■';3;!'''     as  shown  in  figure  6,  using  the  parameters  listed  in  fig.  6  and  equation  (2): 

irSj:!  Jr76  77^  ^  W(Ar-^.e^-^^    ^  -PASL 

>^l\'  =  AST. 

|.,'-''^;"'     where 


Al  =  DAYINF/22.0, 


.3;s  W  =  1.954 

\ii^'-\  -   c/b   from  equation  2  times  a  constant  to  scale  function  to  maximum  value  of 

1;   this  parameter  will  also  be  used  in  other  versions  of  the  Weibull  function, 

DAYINF  =  DAAl  -  DAP. 

Aeciospore  germination . --The  first  problem  was  to  model  germination  of  the  available 
aeciospores  as  a  function  of  temperature  and  assumed  rust  genotype.   Rust  genetics 
is  introduced  by  assuming  that  optimum  germination  temperature  is  strongly  inherited 
(fig.  8)  and  is  controlled  by  input  variable  AGMAX  as  shown  below: 

WCA 
PAGER  =  10.295  (WCA/WBA) •A2- (WCA-1 . 0)  e  ^  ^^ 

where 

PAGER  =  Proportion  of  available  Aeciospores  on  the  underside  of  Ribes   leaves 
that  are  expected  to  GERminate,  given  an  infection  period  of  unlimited  duration  and 
a  given  average  temperature  (TIP) , 
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WCA  aiul  WBA  =  parameters  that  control  position  of  tlie  peak  (the  genetic  response 
from  the  rust ) , 

A2  =  (Tir  -  3.)/lVl!A. 

Til'   =    average- tempei'aturc   of   tlie    infection    period. 

W(!A   and    IVBA   are    pai-aiiieters    that    control    the    shape    oi"    the    !\eil)uil    function.       IVe 
derived    ecpiations    that    give    parameters    WCA    and    WBA    as    a    function    n\'   population    mode: 

WBA  =    7.095    +    0.19242*GMA    +    0 .  0253  14*(;MA" 
and 

WCA  =    0.85704(5    +    0 .  1 72()  1  cSniMA    +    0.  002759*CMA2 

where 

(^MA   =    Mode 

=    AC,MAX-3. 

Tlie  constant,  3,  is  subtracted  from  ACMAX  to  adjust  the  mode  as  given  by  the 
Weibull  function  to  the  x-axis.   As  illustrated  in  figure  8,  optimum  germination 
temperature  of  rust  acciosporcs  can  be  varied. 

Next  a  model  of  germination  as  a  function  of  ini'ection  perioil  liuration  was 
develojicd.   Ultimately  rust  genetic  variation  could  be  incorjiorated  here,  too,  init 
at  present  it  is  not.   r"'roportion  of  Cfi^Minatcd  Acci  os]iores  (CfRMAl  is  assumed  to  be 
controlled  by  both  temperature  and  dui-ation  of   the  infection  period  (DIP).   Accoriling 
to  our  data,  the  Cfd^iDi  nat  ion  Lag  period  of  /Xeciospores  (GF:RLA)  varies  with  temperature 
as  showi  in  figure  9.   A  parabola  provides  a  good  empirical  first  approximation  of 
this  relat  ionsliip.   GfRmination  Period  of  Acciosjiorcs  (CnRI'A)  ,  that  is  the  time 
required  to  complete  germination  once  it  has  started,  also  varies  with  temperature 
(fig.  10),  and  appears  to  fit  the  jiarabolic  function: 

GhRLA  =  0.04*(T11'")  -  1.67*TIP  +  19.43  (3) 

Gl-RPA  =  0.1*(T1P'^)  -  3.57*T1P  +  35.86  (4) 

;  where 

TIP  =  average  temperature  of  infection  period  in  degrees  C, 

GORLA  =  time  required  for  germination  to  begin  in  hours, 

GERPA  =  time  required  to  complete  germination  after  it  lias  begun  in  hours. 

We  can  model  expected  germination  as  a  function  of  1)11"',  if  we  assume  tiiat  any 
given  population  will  germinate  according  to  the  standard  noi'inal  d  i  st  r  i  Init  ion  with  a 
range  equal  to  GORPA  encomjiassing  +3  S.l).  and  a  mean  of  GI:i^PA/2.0.   i'hen  pi'oportion 
germinated  of  the  population  will  be  a  function  of  duration  and  temperature  of  the 
infection  period: 

GLRMA  =  CNORMP(A,B,C)*PAGliR 

where 

GERMA  =  projiortion  germinated, 

CNORMP  =  normal  distribution  function  obtainable  on  most  computers, 
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A  =  DIP  -  GERLA, 

B  =  GERPA/6.0, 

C  =  GERPA/2.0. 

The  flow  is  computed  by  multiplying  the  number  of  aeciospores  trapped  (AST)  by  the 
proportion  expected  to  germinate  (GERMA) : 

J,^^  ^^,  =  AST.*GERMA 
(77,78)       1 

=  ASGER. 
1 

Aeciospore  germ  tube  growth. --If  the  length  of  the  germ  tube  is  a  function  of  GERm 
Tube  growth  RAte  (GERTRA)  and  duration  of  germ  tube  growth  (DIP-GERLA) ,  then  GERm 
Tube  Length  of  Aeciospores  (GERTLA)  becomes: 

GERTLA  =  GERTRA- (DIP-GERLA).  (5) 

Since  length  of  tubes  should  be  distributed  normally,  the  function  CNORMP  was  used 
to  compute  proportion  of  GERminated  Aeciospores  with  germ  tube  of  proper  length  to 
Penetrate  (PGERAP) : 

PGERAP  =  CNORMP (GERTLA,  33.3,  200.0), 


^'Vv''  '       where 


''^3   1  GERTLA  =  average  length  attained  by  germ  tube  when  infection  period  ends, 

'''■'^'''ii  ! 

%^'f*'  '  33.3  =  microns  per  standard  deviation  for  the  range  lOOy  to  SOOy, 


fetS^-s!  \  200.0  =  average  of  the  distribution, 


j IJ- "J;^! i|  1      Then  number  of  AecioSpores  germ  Tubes  of  Adequate  Length  (ASTAL)  is  computed  by 

_  St-'"*- «=, 


J,^„  ^^,   =  PGERAP*ASGER. 
(78,79)  1 

=  ASTAL. 


I"   «•<  .■  1 

Il3£;^';f       Aeciospore  infection  establishment . --The  average  aeciospore  infection  yield  ratio  for  R 
jj^,::";2';       hudsonianuw   (AIYR^)  used  in  the  model  is  the  average  of  the  experimentally  determined 


'^^t  values  (table  7)  already  discussed: 


AIYR.  =  0.05 

1 

where 

i    =  R.    hudsonianum   index  =  1, 

0.05  =  constant  obtained  by  dividing  11  infections  per  square  centimeter  by 
230  spores/cm^ . 

This  means  that  we  should  expect  one  aeciospore  out  of  every  20  germinated 
aeciospores  on  the  leaf  surface  of  R.    hudsonianum   to  penetrate  and  establish  an 
infection.   Many  factors  such  as  leaf  age,  moisture  and  temperature  conditions,  rust 
genotype,  Ribes   genotype,  and  Ribes   species  should  influence  this  value.   Consequently, 
much  more  study  should  be  devoted  to  the  determination  and  use  of  this  infect io 
yield  ratio.   Using  the  R.    hudsonianum   ratio  we  obtained  and  the  information  in 


Lon 
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table  6,  we  computed  the  following  values:   for  R.    inerme ,    (AIYI^^  =  0.057);  for  R. 
lacustre,    (A1YR„  =  0.018);  and  for  R.    viscosissimum,     (AIYR,  =  0.012).   The  number  of 
AecioSpore  Infections  (ASl)  derived  per  scjuare  centimeter  of  leaf  surface  on  R. 
hudsonianum   is: 

•^79.80)  -~    '^STAL^.AIYR. 
=  ASI . . 

Ur('(ll()S[)()i('  lnl(M  lion 

Urediospores  from  aeciospores  and  urediospores . --The  simulation  of  the  number  of 
urediospores  produced  by  each  aeciospore  infection  of  a  given  cohort  that  will  be 
available  for  causing  new  infections  during  a  given  infection  period  is  determined 
by: 

UMASS.  =  ASi. -BMASS. • (1.0- TSAR.) 
Ill  1 

jwhere 


ASI.  =  number  of  aeciospore  infections  per  square  centimeter  of  leaf  underside 
surface  of  a  given  species  (1=1  to  4)  established  in  each  infection  period  from  12 
to  60  days  previous  to  the  current  period, 

BNWSS .  =  production  capability  of  the  rust  on  a  given  Ribes   species  in  cubic 
microns  (for  R.    hudsonianum,    70xl0*^'y  ^)  , 

TSAR.  =  proportion  of  BM'VSS .  to  be  devoted  to  teliospores, 

UMASS.  =  total  mass  of  urediospores  present  in  current  infection  period. 

Then  the  calculation  of  liredioSPORe  production  from  aecial  infection  on  a  given  Ribes 
species  (USPOR.)  is: 

•J.on  oi^  =  UM^SS./(^-USL-USD2)  +  BMASS.  -d-TSUR.) 
(o0,81)         1  1         1 

=  USPOR. 

1 

Inhere 

TT  =  3.  141, 

USL  =  UredioSpore  Length  in  microns, 

USD  =  UredioSpore  Diameter  in  microns, 

BMASS.  =  spore  production  capability  of  given  infection, 

TSUR.  =  proportion  of  BMASS.  produced  by  uredial  infection  that  is  devoted  to 
teliospore  production, 


ind 


BMASS. • (1 -TSUR. )  =  movement  of  USPOR.  from  X(S5)  and  represents  urediospores 
11  1     - 

produced  by  uredial  infections  (see  ''^^r  07  i  '  • 
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Urediospore  viability . --This  flow  is  based  on  equation  2  and  the  parameters  given  in 
figure  7  for  urediospore  viability  (UV) ;  so  that: 

2.  5 
UV  =  2.477(A4)^'^e'''^^'^^ 

where 

A4  =  (DAYS-12.0)/20.0, 

DAYS  =  DAAl(M)  -  DAAl(L) , 
and 

DAAl   =  current  infection  period  date  in  days  after  April  1, 

DAAl   =  last  infection  period  date  in  days  after  April  1. 

Also,  this  flow  must  be  programed  so  that  all  cohorts  of  urediospores  are  computed 
separately,  because  each  cohort  will  have  a  different  UV .   But  all  viable  urediospores 
will  contribute  to  the  next  round  of  infection  (see  fig.  5).   In  simplified  form: 

^(81.82)  "  ^^^   '   'JSPOR.  (6) 

=  VUSA . . 
1 


«5,  ,  , 

l^^/j,  ,      Urediospore  germination. --This  flow  is  calculated  by  multiplying  state  variable  82 

■j;^;,4i|  ■      by  proportion  of  viable  spores  expected  to  germinate  during  a  given  infection  period. 

:j'V'««''  '      The  computation  begins: 

4'!^'S'  i  wni 

»»**'''  '  PUSGER  =  9.577  (WCU/WBU)A5^      ^^e  ^  ^ 

'■■'^•!|.  ■      where 

l""';^,''  1  PUSGER  =  Proportion  of  viable  UredioSpores  produced  by  one  cohort  of  aecial  or 

If^,'|a[i  I      uredial  infections  per  square  centimeter  that  will  GERminate  in  a  given  infection 
•^,'^'1'  i      period  of  unlimited  length  and  temperature  of  TIP. 

ir*"!^."  WCU  and  WBU  =  curve  shape  parameters  set  by  UGMAX  (a  user  controlled  variable 

"•jjdjiJ        from  table  3)  using  same  equations  as  for  WCA  and  WBA,  except  GMU  =  UGMAX-7, 

:li'-^'f  A5  =  (TIP- 7.0) /WBU. 

:>€£;; 

The  remainder  of  this  flow  is  calculated  as  in  flow  (77^-78).   But  the  constants 
of  the  equation  for  urediospore  germination  lag  (GERLU)  change  (fig.  12) : 

GERLU  =  0.03(TIP)2  -  1.19(TIP)  +  12.8  (7) 

The  constants  of  the  equation  for  urediospore  germination  period  (GERPU)  remain  the 
same  as  for  GERPA  (equation  4).   Thus: 

GERMU  =  CNORMP(A,B,C) -PUSGER, 

A  =  DIP  -  GERLU, 

B  =  GERPA/ 6.0, 

C  =  GERPA/ 2.0. 
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Final ly : 

( 8  2 ,  8  .•> )  1 

=    LlSGl.-R.  . 
1 

IJi'ediospore   germ   tube   growth. --The    ecjuations    arc    the    same   as    flow    (7S>79)    except 

that    some    constants    change.      The   ClhRm  Tube   (Irowtli   Rate    (Gliin'RlJ)    ecpiation    I'or   urediospores 

(fig.    15)    is: 

GHRTRll    =    156.23(ASr'^c"^^'''^  (8) 

The   GERm   Tube    Length   attained    b>-   llrediospore    germ   tubes    (GliRTlTJ)    js    the    [product    of 
growth   rate    (GbRTRU)    times    growth   period    (DIP-GI'.RLU)  : 

GERTLU    =    Gr;RTRlJ*(niP-Gl:RLU)       . 

Then   Proportion   of  GERminated    IJrediospores   with    germ   tubes   of  proper    length    to 
Penetrate    (PGERIJP)    is: 

PGERllP   =    CNORMP(GERTRlJ,    35.5,200.0) 

and  number  of  UredioSpores  with  germ  Tubes  of  Adequate  Length  fUSTAL.)  is: 

J.o-^  o.^  =  PGERAP  •  USGER. 
(8j),84)  1 

=  IJSTAL.  . 

iJrediospore  infection--We  have  assumed  that  the  Urediospore  Infection  Yield  Ratio, 
JIYR. ,  will  have  a  range  of  values  different  from  AIYR. ;  although  we  have  no  observa- 
tions.  The  number  of  infections  expected  from  any  one  cohort  of  aecial  infections 
ill  be  provided  by: 

J,„,  o^,  =  USTAL.  •  UIYR. 
(84,85)        1       1 

=  USl  .  . 

1 

1 

Urediospores  infection  from  urediospores . --Since  infections  caused  by  all  cohorts  of 

aecial  infections  must  be  accounted  for,  the  calculations  from  X(81)  to  X(85)  must 

be  repeated  for  all  viable  aecial  cohorts  (see  fig.  5).   Tlien ,  since  the  urediospores 

arising  from  urediospore  infections  are  assumed  to  be  identical  to  urediospores 

arising  from  aeciospore-caused  infections,  all  the  calculations  from  X(81)  to  X(S5) 

must  be  repeated  again.   Since  the  different  uredial  cohorts  will  be  of  different 

ages,  and  urediospore  viability  is  assumed  to  be  a  function  of  cohort  age  (fig.  7), 

each  repeat  will  have  a  different  urediospore  viability  value  (UV  in  equation  6). 

The  same  is  true  for  the  aeciospore-derived-infect ion  repeats  of  the  last  flow.   All 

these  infections  are  accumulated  in  state  variable  X(85),  IJrcdioSpore  Infections 

r(USI).   Also,  each  repeat  of  urediospore-derived  infection  can  have  a  new  partitioning 

bf  the  spore  biomass.   The  variable  TSUR  is  used  as  follows: 

•^(85, 81)  -    '''''^h    •  (-^-^SUR^) 

=  USPOR.   . 

1 
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Teliospoio  Production 

Teliospore  generation. --These  flows  are  computed  by  calculating  the  sum  of  the 
teliospore  biomass  produced  for  a  given  cohort  and  then  dividing  by  the  expected 
size  of  a  teliospore  to  yield  the  number  of  teliospores   Thus: 


TSAR.  •  ASI. 

•  BMASS. 

1 

(^oU  ,  oD  J 

^  •  TSL  • 

TSD2 

J  roc    or,    =    TSUR.  •  USI. 
(85,86)        1       1 

•  BMASS. 

1 

TT  •  TSL  • 

TSD2 

^'^^i  =  ^(80,85)  '   \8S^. 

,86) 

where 

TT  =  3.141, 

TSL  =  teliospore  length  in  microns, 

TSD  =  teliospore  diameter  in  microns. 

Teliospore  viability. --The  proportion  of  available  teliospores  in  any  given  infection 
*;5«*iii  '      period  TMAX  is  multiplied  by  the  teliospore  viability  function  to  give  the  number  of 
5W  '      Potential  GERminated  Teliosores  (PGERT)  : 

m-  J,,^  «,,  =  TMAX.  .  2.416  .  A9^-'^-^^^) 

tei.ii'  ;  (86, 87)       1 

,:piSi  '  =:  PGERT. 

1 

"■•*sEi  ,      where 
,(»''^£-^: 

:'!^-r'''i  i  A9  =  (DAYS-16)/27.5. 

J^|^,|!j  I      Teliospore  germination .  --Number  of  Teliospores  expected  to  GERminate  (TGER)  is 
iZ^'Z   '      calculated  by: 

..'IgJIS  (8/,  88)         1 

SslsSlj  =  TGER. 


where  PCAST  =  proportion  of  viable  teliospores  that  germinate  in  a  given  infection 
period  (see  appendix  111  for  derivation). 

Basidiospore  generation . --Thus,  the  Quantity  of  Basidiospores  produced  At  Ribes 
Bushes  (QBAB.)  is  computed: 


1 
J 


(88,89;  88,90;  88,91;  88,92)    '^^^^i  *  ^^^'^i   ^^^^i 


=  QBAB. 
where 

i  =  1  to  4  to  index  the  four  major  Ribes   species 
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Basidiospore  distribution .  --The  basidiospores  pi'oduccd  by  the  rust  on  the  iHbes 
■)lants  are  windborne  to  the  pine  hosts.   As  is  characteristic  of  all  wi  nd-tl  i  sseini  natcul 
pathogens,  the  number  of  spores  reaching  a  given  target  is  primarily  dependent  on 
the  distance  from  the  target  to  the  spore  source  (SchrOdtcr  196')).   Many  other 
factors  can  influence  the  spore  load-distance  relat  ionshi])  like  number  oi"   spores 
released,  size  and  shape  of  spores,  horizontal  wind  velocity,  turbulence,  and  tlie 
density  of  point  sources  over  a  given  area.   We  are  not  in  a  position  to  consider 
any  atmospheric  influences  in  this  paper;  so  \\ic   are  limited  to  spore  number,  source 
density,  and  physical  spore  characteristics.   A  theoretical  treatment  oi'   the  inter-action 
Df  spore  traits  and  flight  pattern  is  also  beyond  the  scope  of  this  paper;  however, 
these  problems  can  be  simplified  through  empirical  use  of  Buchanan  and  Kimmey's 
(1938)  plot  of  number  of  cankers  per  unit  of  needles  exposed  as  a  function  of  distance 
from  a  point  source  of  basidiospores. 

Their  empirical  relationship  was  used  to  develop  the  distribution  function. 
5ince  we  use  the  concept  of  infection  on  an  average  tree,  the  number  of  basidiospores 
deposited  on  the  average  tree  should  be  a  function  of  dilution  due  to  distance  from 
spore  source  to  tree  in  a  given  area.   The  criteria  imposed  for  calculation  of  tlie 
average  distance  were  regular  spacing  of  the  pine  host  and  of  the  point  basidiospore 
l^ources  [Ribes   bushes).   This  restriction  would  not  be  necessary  if  data  were  available 
on  the  relative  spatial  relationships  of  both  hosts.   Tlie  average  distance  was 
(graphically  determined  (fig.  31)  for  a  set  of  different  stocking  densities  of  pine 
and  point  Ribes   sources  and  was  found  to  be  largely  independent  of  pine  stocking  at 
:he  densities  tested  and  to  be  very  dependent  on  point  source  stocking  density 
[table  18).   Thus,  average  tree  to  point  source  distance  was  determined  for  a  range 
)f  Ribes   stockings  from  5.9  bushes/ha  to  2,500  bushes/ha  and  a  pine  stocking  of 
,500/ha.   A  plot  of  number  of  Ribes   growing  points  per  hectare  yielded  a  curvilinear 
elationship  (fig.  32) .   Growing  points  per  hectare  were  used  in  place  of  bushes 
)ecause  Ribes   bushes  tend  to  grow  in  clusters  and  the  concept  of  points  gives  more 
lodeling  flexibility  as  will  be  seen  later.   The  average  Ribes   to  tree  distance  was 
Expressed  as  follows: 

ABTD  =  e"  ^-^^-^  *  l^f'^^P)  +  ^-^'^J  (•'' 

tfhere 

ABTD  =  average  distance  in  meters, 
e    =  base  of  natural  logarithm, 

In(RGP)  =  natural  log  of  the  number  of  Ribes   Growing  Points  per  hectare, 

=  RD.  . 

1 

Table  18. --Sample  of  graphically   determined   average   distance    from  pine    tree    to   Ribes 

growth   point    for   four   combinations   of   stocking 


Pine  trees/  Ribes   bushes/  Average  tree  to 

J  hectare  hectare  busli  distance 


Number 

Number 

2,500 

39 

2,500 

6.25 

1,111 

44 

1,111 

5  .  90 

91 

Meters 

6.08 
15.29 

6.25 
1  5  .  5  1 


Ribes  growth  point 

o     o     o 


Figure  31 .-- 1 1  lustration  of  method  used  to  calculate  average  spore  source  to  target 

distance. 
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Figure  32. 
hectare. 
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■Plot  of  average  distance  from  pine  trees  to  ribes  growing  points  per 
Average  distances  determined  graphically  as  explained  in  the  text. 
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where 


average  distance  from  the  target  and  the  number  ot"  spores  |iroduced  \'y  the 
source  are  known,  how  can  this  information  be  transformed  into  an  expected 
load'^ 

f  OTie  assumed  that  the  ratio  oY   cankers  formed  to  spores  trapped  is  i  ndejieiulent 
tance  from  spore  source,  tlien  calculation  of  the  percentage  of  total  ini'ections 
h  ring  of  Buchanan  and  Kimmey's  (1938)  experiment  should  reflect  the  percentage 
bution  of  hasid iospores  in  the  rings.   Such  a  calculation  was  made  (lig.  33) 
e  resulting  relationship  was  used  tu  estimate  basidiospore  load  as  a  function 
rage  distance  on  the  basis  of  concentric  rings  3  m  v;ide  (fig.  34).   in  order 
vert  to  absolute  values,  one  must  calculate  the  area  within  each  ring.   Tli  i  s 
s  found  to  be  as  follows: 

A      =  A^lZn-l] 
n 


n 

A} 

n 


area  in  the  nth  ring, 
area  in  the  center  ring, 
number  of  the  nth  ring. 
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^igure  33. --Distribut ion  of  Cronartium  ribicola   basidiospore  load  from  a  point  source 

into  concentric  rings  3  meters  wide.   Calculation  based  on  count  of  cankers  on 

Pinus  monticola    located  in  concentric  rings  around  a  point  source  (Buchanan  and 
Kimmey   1938). 
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NUMBER 


Figure  34 . --I1 lustration  of 
concentric  rings  used  to  cal- 
culate simulated  Cronartium 
ribicola   basidiospore  loads 
on  basis  of  average  bush  to 
tree  distance  and  ring  area. 


We  have  simulated  the  quantity  of  basidiospores  produced,  calculated  the  area  in  a 
ring,  determined  the  percent  of  the  spores  to  be  expected  in  a  given  ring,  and  can 
identify  the  ring  by  the  average  point  source  to  tree  distance.   So,  the  basidiospore 
load  expected  from  that  point  source  can  be  computed.   But,  the  background  basidiospore 
load  from  other  point  sources  in  the  vicinity  must  be  considered.   It  has  been 
estimated  that  99.9  percent  of  the  spores  from  a  point  source  near  the  ground  would 
land  within  100  m  of  the  source  (Gregory  1952).   This  seems  to  be  true  for  C. 
ribicola   as  indicated  by  Buchanan  and  Kimmey  (1938)  and  Kimmey  and  Wagener  (1961), 
if  we  assume  that  infections  reflect  basidiospore  load.   Thus,  we  calculated  background 
as  follows:   The  percentage  of  the  basidiospores  expected  to  fall  within  the  boundary 
defined  by  the  nth  ring  was  subtracted  from  1  to  give  the  percentage  of  basidiospores 
beyond  the  average  distance  from  source  to  tree.   Background  basidiospore  load  was  a 
function  of  basidiospore  load,  average  tree  to  source  distance  (ring  number) ,  and 
density  of  growing  points.   Basidiospore  load  expressed  as  Quantity  of  Basidiospores 
At  Trees  (QBAT)  was  calculated  for  the  four  Ribes   species  as  follows: 


(89,93), (90,93), (91,93) , (92,93) 
(9 


QBAB. -PBIRX 


182,743.34(2RX-1) 


QBAB. -GPF. • (1-PCT) 
100,000,000 


•  TARGET. -RD. 
1    1 


=  QBAT. 


where 


QBAT.  =  basidiospore  load  resulting  from  Ribes   sp.  at  average  tree  in  spores 
per  square  centimeters, 

QBAB.  =  Quantity  of  Basidiospores  expected  per  square  centimeter  of  leaf  surface 
At  Ribes   sp.  Bushes, 
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iIRX  =  Proportion  of  QBAB.  Basidiosporcs  expected  In  l\in!.;  X, 

=  e'°-^'^^  +  0.007,  flO.: 


RX  =  number  of  ring  x, 

282,745.34  =  area  in  the  center  ring  in  square  centimeters, 

GPF.  =  number  of  Ribes    sp.  growth  points  per  hectare, 

RD.  =  bushes  of  Ribes    sp.  per  hectare  (from  Ribes   density  submodel), 

PCX  =  accumulated  proportion  of  basidiospores  expected  in  rings  1  through  x, 

TARGET.  =  Ribes   sp.  target  =  square  centimeters  leaf  area  (one  side)  per  bush 
(from  table  5) , 

100,000,000  =  square  centimeters  in  1  hectare. 

^(89,93)  =  Q'^^Tl' 
^(90,93)  '-   '^^"'^2. 


^91, 93)  =  Q^^^3 
(92,93) 


Jro,  oz.  =  QBAT4 


Then : 


QBSAT  -  J(gc,^g3^  +  ^(90,93)  ^  '^91, 93)  *   '^(92,93) 


=  Z  QBAT. 
1  =  1     ' 


jPINF  TARCf^T  SUBMODFL 
jBrandi  Targpl 

Branch  needle  generation . --An  empirical  function  was  derived  that  relates  number  of 
new  needles  to  tree  height  (fig.  35).   A  bit  of  discussion  of  the  derivation  of  this 
relationship  is  In  order.   The  first  step  consisted  of  determining  the  total  number 
of  needles  in  crowns  on  trees  of  varying  height.   Buchanan  (1936)  measured  the  crown 
height  and  width  and  estimated  the  number  of  needles  on  6,809  western  white  pines 
ranging  in  height  from  0.05  to  9  m.   He  then  developed  an  empirical  formula  that 
gives  the  number  of  needles  as  a  function  of  crown  height  and  width: 

j         Number  of  needles  =  17,680*crown  length* (2 -crown  radius) 

where 

Crown  length  and  radius  are  in  meters. 
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TREE  HEIGHT  (M) 


Figure  35. --Number  of  new 
Pinus  monticola   needles 
as  a  function  of  total 
height  plotted  from  new 
needle  column  of  table  19, 


This  formula  was  coupled  with  Buchanan's  (1938)  published  crown  width  and  length 
values  for  a  group  of  trees  ranging  from  1.5  to  48  m  in  height  to  develop  a  curve  of 
number  of  needles  as  a  function  of  tree  height.   Since  adequate  data  to  form  the 
lower  end  of  the  curve  were  not  available,  we  collected,  dissected,  and  counted  the 
number  of  needles  on  28  trees  ranging  from  0.1  to  2.71  m  in  height.   The  completed 
curve  is  shown  in  figure  36.   This  curve  and  the  needle  counts  were  used  to  develop  a 
life  table  for  number  of  needles  as  a  function  of  tree  height  (table  19).   The  number  of 
needles  from  the  first  year  column  was  then  plotted  (fig.  55)  to  produce  the  curve  of 
number  of  new  needles  as  a  function  of  tree  height. 
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Figure  36. --Total  number  of 
branch  needles  in  crown  of 
Pinus  monticola    as  a  func- 
tion of  total  height  (cal- 
culated from  Buchanan,  1936 
and  1938). 
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Table  19. — Life    table   of  branch  needle  populations   on   a    western   white   pine   modeled 
after   Buchanan' s   empirical    formula    and   crown    size   data 


Tree 

Tree 

age 

height 

Years 

Meters 

2 

0.2 

3 

.26 

4 

.38 

5 

.59 

6 

.99 

7 

1.20 

8 

l.SO 

9 

2.00 

10 

2.50 

11 

5.00 

12 

3.40 

13 

3.90 

14 

4.30 

15 

4.80 

16 

5.30 

17 

5.90 

18 

b.40 

19 

7.00 

20 

7.60 

21 

8.20 

22 

8.80 

23 

9.40 

24 

10.10 

25 

10.70 

26 

11.40 

27 

12.00 

28 

12.70 

29 

13.40 

30 

14.10 

31 

14.80 

32 

15.50 

33 

16.20 

34 

16.90 

35 

17.70 

36 

18.40 

37 

19.10 

38 

19.80 

39 

20.50 

40 

21.30 

41 

22.00 

42 

22.  70 

43 

23.40 

44 

24.10 

45 

24.90 

46 

25.60 

47 

26.30 

48 

27.00 

Total  branch 
ncedl  es*- 


New 
needles 


I  -year-old 
needh  s"* 


2-year-ol d 

UCvd  1  I.S 


Number 


85 

321 

1 

024 

T 

592 

5 

252 

8 

628 

15 

175 

-1  -> 

473 

30 

476 

39 

087 

46 

370 

55 

920 

63 

892 

74 

244 

84 

997 

98 

396 

109 

951 

124 

258 

139 

020 

154 

213 

169 

818 

185 

817 

204 

958 

221 

755 

241 

791 

259 

327 

280 

193 

301 

483 

323 

184 

345 

281 

367 

763 
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619 

413 

838 

440 

807 

464 

774 

489 

076 

513 

705 

538 

653 

567 

549 

593 

161 

619 

071 

645 

275 

671 

767 

702 

389 

729 

479 

756 

842 

784 

471 

1 

3 
4 
8 
10 
13 
18 
19 
25 
26 
31 
35 
41 
44 
52 
57 
62 
69 
75 
84 


103 
113 
121 
128 

138 
146 
155 
164 
176 
182 
183 
203 
211 
225 
231 
242 
254 
262 
277 
284 
294 
307 


60 
245 
740 
695 
085 
455 
739 
874 
992 
114 
275 
018 
501 
681 
502 
755 
890 
561 
640 
829 
984 
497 
531 
755 
767 
579 
206 
779 
727 
372 
748 
036 
590 
684 
423 
222 
367 
237 
750 
797 
342 
119 
064 
181 
053 
839 
270 


1 
3 

4 

8 

10 

15 

18 

19 

25 

26 

31 

56 

41 

44 

52 

57 

62 

69 

75 

84 

88 

98 
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113 

121 

128 

138 

146 

155 

164 

176 

182 
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203 

211 

225 

251 

242 

254 
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277 

284 
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25 
60 
245 
740 
695 
085 
455 
7  39 
874 
992 
1  14 
275 
018 
501 
681 
502 
755 
890 
561 
64  0 
829 
984 
497 
551 
755 
767 
579 
206 
779 
727 
372 
748 
056 
590 
684 
425 

-)  n 

367 
257 
750 
797 
452 
119 
064 
181 
055 
859 


() 
8 
11 
12 
It. 
17 
20 
2  5 
2b 
28 
55 
57 
40 
44 
48 
54 
56 
63 
60 

78 

82 

88 

94 

99 

105 

115 

117 

124 

150 

155 

144 

148 

155 

165 

168 

177 

182 


0 
16 

59 
157 
4  75 
088 
981 
860 
611) 
981 
985 
629 
575 
0^2 
014 
559 
500 
807 
819 
744 
005 
556 
950 
469 
2o9 
981 
108 
498 
678 
182 
04  3 
855 
212 
555 
667 
4  51 
110 
049 
562 
614 
952 
814 
584 
144 
24  5 
950 
562 


(197t))  site  (luality  formula  for  ages  7  tlii'ough 


■^Height  calculated  with  Brickell 
48;  ages  2  through  6,  actual  height. 

^Buchanan's  empirical  formula  1.56LW  '  =  thousands  of  needles 
Buchanan's  crown  measurements  (1958)  were  used  to  plot  total  needles 
through  48.   Fig.  55  values  were  read  from  plot. 

^Actual  counts  of  new  needles,  ages  J  through  6  and  calculated 
needles  =  total  needles  -1-year-old  needles  -2-year-old  needles. 

'^Assume  no  needle  mortality  from  current  to  1-year-old  class  so 
current  needles  become  current  year's  1-year-old  needles. 

^Assume  55.8  mortality  from  1-year-old  class  to  2-year-old  clas 


(1950)  a 
,  ages  7 

other  ages 

previ ous 


nd 
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These  curves  and  the  life  table  are  very  similar  to  those  of  Douglas-fir  (Mitchell 
1974).   Thus, 

,1.365 


ANNN  =  3490 -CTH 


Cll) 


where 


ANNN 


number  of  new  branch  needles  as  a  function  of  CTH  (fig-  35) 


A  relationship  that  predicts  Potential  Infective  Surface  on  branch  needles  was 
developed  as  follows:   rows  of  stomata  were  counted  (fall  1973)  on  a  sample  of  1972 
and  1973  needles  taken  from  6-year-old  nursery  grown  western  white  pine  (author's 
unpublished  data).   In  all,  eight  needles  from  each  of  32  trees  were  examined.   One- 
half  the  needles  were  of  1972  origin  and  one-half  of  1973  origin.   Number  of  rows 
varied  from  4.17  to  7.1  from  one  year  to  the  next  within  the  same  seedling  and  from 
4.67  to  8.37  for  one  seedling  to  another  within  1  year.   The  above  findings  only 
indicate  some  of  the  variation  one  might  expect.   The  kind  of  variation  indicated  in 
this  small  sample  could  lead  to  doublings  or  halvings  of  target  areas.   In  order  to 
accommodate  this  variation,  we  computed  the  average  number  of  rows  and  standard 
deviation  on  the  256  needles  (x  =  6.34,  s  =  0.89).   If  we  assume  a  normal  distribution 
and  accept  a  limit  of  +4  standard  deviations,  then  the  maximum  number  of  stomatal 
rows  expected  is  in  the  vicinity  of  10  (0.89  x  4  +  6.34  =  9.8). 

Maximum  needle  length  is  assumed  to  be  10  cm.   This  assumption  is  based  on  an  empir 
cal  relationship  between  needle  length  and  tree  height  (fig.  37)  obtained  from  table  20. 

In  the  word  model  discussion  of  infective  surface,  maximum  width  of  the  infective 
strip  in  which  each  stomatal  row  is  centered  was  identified  as  0.01  cm  (lOOu) . 
Thus,  each  needle  has  approximately  1  cm^  maximum  infective  surface  and 


J 


(29,32) 


=  3490  CTH 
=  PISB. 
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TREE  HEIGHT  (M) 
Figure  37. --Length  of  Pinus  monticola   branch  needles  as  a  function  of  tree  height 
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Stomatal  row  adjustment . --The  coiDjnitat  i  on  of  tliis  flow  is  performed  !)>'  dividinj', 
maximum  number  of  rows,  10,  Li)'  RSPN  (F^ows  of  Stomata  Per  Needle)  to  i^ive  the  reduction 
factor  RFACT.   Tlien  : 

d  ,_^  _^  =  0.  1  PISB  •  RSPN 
=  RAISE 

where 

RAISE  =  Row  Adjusted  Infective  Surface  on  Branch  needles. 

Needle  length  adjustment .-- In  order  to  accommodate  some  sources  of  variation  for 
needle  length,  we  have  included  an  empirical  equation  (fig.  ?i7  and  table  11)  that 
can  account  for  tree  size  and  a  user-controlled  factor  QNIiPDL  to  be  set  to  mimic 
other  sources  of  variation.   When  using  the  equation,  the  calculation  is 

Branch  needle  length  =  '— „  ■n^■r^'■^^^  ^^-^ 

1  +  0.9e 

and 

^vii-r^r^i    Branch  needle  length 
QNBEDL  =  — — fe — 

or  we  can  set  QNEEDL  to  provide  the  desired  needle  length.   Thus,  the  flow  is: 


J^._  _,  =  RAISE  •  QNEI-DL 
=  QISBl. 

Aging  infective  surface . --Since  0ISB2  is  not  needed  in  the  current  year  the  equation  is 

^(34,51)  =  QI^^^ 
=  QISB2. 

Aging  infective  surface. --Buchanan  (1936)  showed  that  64.2  percent  of  the  branch 
needles  of  a  particular  cohort  are  retained  for  their  third  growing  season.   So: 

J,..„  _..  =  0.b42«QISB2. 

=  QISB3. 

Needle  death . --Buchanan  (1936)  showed  that  most  branch  needles  die  at  the  end  of 
their  third  growing  season;  so,  all  needles  in  state  variable  30  will  be  moved  to 
state  variable  10.   Thus, 

•^(30,10)  =  Q^^"^^ 
+  SINK. 
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Stem  Needle  Target 

Stem  needle  generation. --The  stem-needle  growth  function  computes  the  amount  of  new 
stem  needle  infective  surface  by  the  following  equation: 


(29,25) 


10- 12 -675  (1-e"-^'-^^^™) -0.01 


where 


10  =  maximum  number  of  stomatal  rows, 

12  =  maximum  needle  length  multiplier  where  the  value  is  12.0  instead  of  10 
because  stem  needles  average  1.2  times  branch  needle  length  (table  20), 

-1  15CTH 
675' (1-e   "     )  =  new  direct  stem-needle  function  (fig.  38),  (13) 

0.01  =  infective  strip  width  in  centimeters. 

Equation  13  resulted  from  counting  tlie  number  of  new  stem  needles  on  trees  varying 
in  height  from  0.1  m  to  2.71  m  (same  trees  as  discussed  under  branch  needle  generation) 
An  equation  was  found  that  fit  the  empirical  curve  (fig.  38).   This  relationship  was 
developed  from  a  minimum  of  data,  but  like  so  many  other  empirical  functions  in  this 
model,  it  could  easily  be  made  more  representative,  either  by  statistical  fit  or 
preferably  by  biological  understanding.   Finally,  the  above  equation  reduces  to: 

^(29. 25)  =  810(1. 0-e-'-15C™, 
=  PISDS. 

Stomatal  row  adjustment . --The  derivation  and  use  of  RSPN  was  discussed  under  flow 
(32,35).   Thus: 


^(25,26) 


0.1-PlSDS-RSPN 
RAISS 


where 


R/\.ISS  =  Row  Adjusted  Infective  Surface  on  direct-Stem  needles. 

!jb!e  20 . - -Average   lengths   of  needles   obtained    from   the   stems   and   branches   of  western 
white  pine    trees   of   varying  ages 
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MIcights  calculated  by  Brickcll's  (1970)  formula. 

Several  huiuired  needles  per  tree  were  measured,  but  no  statistical  significance 
should  be  placed  m  these  data.   Ihey  are  used  for  illustrative  purposes. 
'Ratio  of  length  of  branch  needles  to  length  of  stem  needles. 
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Figure  38. --Number  of  new 
Pinus   monticola    needles 
located  directly  on  the 
stem  as  a  function  of 
tree  height. 


Needle  length  adjustment . --Q5N1:DL  is  obtained  by  dividing  the  needle  length  equation 
(eq.  12)  by  12  instead  of  10  because  stem  needles  are  longer  than  branch  needles: 


QSNEDL  =  (- 


8.6 


1+0. 9e 


■0.75CTH 


)  /12  . 


Thus, 


J     ^^   =  RAISS-QSNEDL 
=  QlSSl. 

Aging  infective  surface . --Since  no  first  year  stem  needles  die,  the  entire  contents 
pf  state  variable  27  flow  to  state  variable  28. 

•^27,28J  =  Q^^Sl 
=  QISS2. 

Needle  death. --The  assumption  was  made  that  all  the  stem  needles  in  their  second 
year  die.   So: 

■'(28,.0,  "^'-^S^ 

=  SINK. 
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PINE  INFECTION  SUBMODEE 
Bcisifliospore  Infection 

Basidio spore  trapping .--Basidio spores  of  C.  ribicola   were  cast  onto  primary  needles 
of  P.  strobus   inside  a  -settling  tower  and  the  ratio  of  spores  trapped  to  spores  cast 
(spores  per  square  millimeter)  was  determined  (Hansen  1972).   Four  measurements 
reported  were  0,01,  0.06,  0.08,  and  0.18,  x  =  0.08  and  will  be  called  "average 
trapping  efficiency."  Settling  tower  experiments  similar  to  Hansen's  should  be  done 
to  get  a  large  number  of  trapping  efficiency  ratios  for  needles  from  different 
species,  different  needle  ages,  different  tree  ages,  and  from  trees  showing  different 
kinds  of  resistance  because  variation  from  this  source  could  be  an  important  contributic 
to  variation  of  lY. 

Thus,  BSTIS  (number  of  BasidioSpores  Trapped  on  Infective  Surface)  was  computed 
as  follows: 

^(93,94)  =  QBSAT-TEF, 
=  BSTIS, 

where 

TEF  =  Trapping  Efficiency  Factor  of  branch  and  stem  needles  (user  controlled 
variable) . 

Basidiospore  germination. --The  mathematical  relationship  for  describing  this  flow  was 
constructed  in  much  the  same  way  as  aeciospore  germination  was  (flow  77,78).   Equations 
14  and  15  are  based  on  figures  19  and  20,  respectively.   Thus: 

BGL  =  0.05(TIP)2  -  0.95TIP  +  9,52  (14) 

where 

BGL  =  Basidiospore  Germination  Lag  time  in  hours, 

TIP  =  average  Temperature  of  the  Infection  Period  in  °C, 

and 

BGP  =  0,1(TIP)2  -  3.17TIP  +  27.12  (15) 

wnere 

SGP  =  basidioSpore  Germination  Period  in  hours. 

The  germination  is  assumed  to  be  normally  distributed  over  time  with  a  range  equal  to 
SGP  and  a  starting  point  equal  to  BGL  =  b.O,  where 

6  =  time  in  hours  required  for  teliospores  to  germinate  and  produce  basidiospores. 

Therefore : 

GERMB  =  CNORMP(A,  B,  C) 
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vhere 

A   =    DIP    -    (BGL   +    h.O) , 

B   =   SCP/t.  .0, 

C   -   SGP/2.0, 
:hen : 

^94, 95)  =  BSTIS.r.FRMB 
=  BSGER, 

BSGER  =  number  of  trapped  BasidioS])ores  exjiected  to  GliRmiiiate  during  a  given 
nfection  period  per  square  centimeter  IS. 

asidiospore  germ  tube  growth. --The  number  of  BasidioSpores  per  square  centimeter  of 


eaf  surface  expected  to  produce  germ  tubes  of  Adequate  Length  for  penetration  (BSTALl 
s  calculated  by: 

PGERBP  =  CNORMP(BGTL,8.5,75,0) 

J,,^,  „^  ,  =  PGERBP -BSGER 
[9b , yoj 

=  BSTAL 
here 

BGTL  =  BTGR'A  =  Basidiospore  Germ  Tube  Length  in  microns, 

BTGR  =  Basidiospore  germ  Tube  Growth  Rate 

2.  8 
-  12.  654  (AS)  ^•^e"^^''^^  (16) 

A  =  DIP-(BGL+6.0) , 

AS  =  (TIP-0.2)16.8, 

8.3  =  range  of  penetration  length  =  (100n-50y)/6  S.I)., 

75.0  =  germ  tube  length  when  50  percent  have  penetrated. 

isidiospore  infection  establishment . --The  number  of  species  having  germ  tubes  of 


iequate  length  for  penetration  are  reduced  by  the  basidiospore  infection  yield 
^tios  (BIY)  and  a  needle  resistance  factor  QNLR.   Tlie  flow  is  calculated: 

'^96  97)  "  BSTAL-BIY.QNLR, 
=  BSI, 

nere 

BIY  =  spots/spore  trapped  on  a  square  centimeter  of  infective  surface  of  current 
3^ar  needles, 

QNLR   =    factor   to   adjust    for   presence   of   reduced-needle- Ics i on-frec|uency    resistance 
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Basidiospore  infections  summed  over  infection  periods . --This  flow  is  computed  by 

combining  basidiospore  infections  per  square  centimeter  of  IS,  target  in  IS  per  tree, 

and  reducing  the  number  of  infections  by  the  stem-needle  orientation  factor.   Thus: 

P  P 

E  J,,  ^.  =  E  (BSI«0.5-QISS1) 
Y      [0,73    ^ 

=  TNISl 

where 
P 

Z  =  summation  of  infections  from  each  infection  period  to  give  a  season  total, 
1 
P  =  number  of  infection  periods, 

BSI  =  basidiospore  infections  per  square  centimeter  of  current  year  needles, 

QISSl  =  infective  surface  of  current  year  stem  needles,  square  centimeters  per 
tree. 

And  since  needle  infections  do  not  yield  cankers  for  at  least  a  year,  the  summed  flow 
need  not  be  changed. 

Basidiospore  infection  summed  over  infection  periods . --This  flow  is  the  same  as  the 
last  one  except  that  the  needle  orientation  factor  changes: 


S  J       =  Z  (BSI-0.25.QISB1) 
1   ^^'^--'    1 


=  TNIBl 
where  I 

QISBl  =  current  year  branch  needle  IS,  square  centimeters  per  tree. 

Basidiospore  infections  summed  over  infection  periods . --This  is  like  the  last  except 

a  new  factor  was  added  to  account  for  the  increased  susceptibility  of  needles  in 

their  second  season.   This  factor  is  SNAIF  (Secondary  Needle  Age  Infection  Factorl 
So: 

P  P 

^  '^(6  19)  "  ^  [BSI-0.25-SNAIF-QISB2) 

=  TNIB2. 

Needle  Infection  to  Cankers 

Canker  appearance. --The  fundamental  relationship  of  this  flow  was  depicted  in  figure  22 
An  empirical  equation  that  describes  canker  appearance  is: 

-  ^ 

%   cankered  =  b'^^^*^  ^  (17) 

where 

b  =  parameter  that  is  related  to  growth  rate  of  the  rust  down  the  needle  (see 
below) , 

X  =  years  after  inoculation  with  range  of  1  to  4  years  =  YR. 
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lie  b  parameter  was  related  to  host    resistance  through  the  assumption  that  a  resistance 
lechanism  can  decrease  growth  rate  of  the  fungus  in  tlie  needles.   If  a  1)  value  of  24 
ives  a  curve  similar  to  the  most  susceptible  families  and  the  growth  rate  of  tlie 
ust  down  the  needle  is  10  mm  per  month  (Chapman"^),  then  this  point  defines  the 
usceptible  interaction  (fig.  39).   By  the  same  reasoning,  if  the  curve  for  resistance 
amilics  matches  the  empirical  curve  with  b  equal  to  b   and  if  we  assume  that  fungus 
rowth  rate  was  cut  in  half,  tlien  the  straight  line  between  the  two  points  should 
rovide  the  relationship  between  rust  growth  rate  down  the  needle  and  the  b  parameter. 
n  input  variable  RGRN  (Rust  Growth  Rate  in  the  Needle)  is  supplied  to  simulate 
esistance  to  the  rust  expressed  as  a  reduction  of  rust  growth  in  the  needle.   This 
ariable  allows  us  to  simulate  the  rate  of  canker  appearance  following  needle  infection 
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-igure  39 . --Relationships  between  b  parameter 
of  equation  17  and  growth  rate  of  Cronartium 
ribicola    down  Pinus   monticola   needles. 
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If  no  resistance  is  present  (RGRN  =  10  mm/mo),  then  we  can  expect  60  percent  of 
eedle  infections  in  X(ll)  to  flow  to  X(14).   But  if  RGRN  =  5  mm/mo,  tlien  we  would 
bcpect  only  6  percent  of  the  infections  to  flow.   Tlius : 


(7,11 


TNISl'b 
TCSl, 


20(b"^--'') 


here 


b  =  3.6  RGRN  -  12.0, 

RGRN  =  rust  growth  rate  in  the  needle,  millimeters  ]icr  month, 

TCSI  =  cankers  appearing  after  1  year  from  stem  needles  infected  in  their  first 
ear. 

Since  TCOS  is  a  sum  of  all  cankers  appearing  in  a  given  year  from  stem-need Ic 
nfections,  its  calculation  will  be  deferred. 

eedle  infections  aged. --The  needle  infections  that  did  not  develop  to  canker  status 
re  aged  1  )-ear.   Cankers  are  removed  from  the  needle  infections: 

^7,8)    =    ™IS1-TCS1, 
=    TI2S1. 
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Canker  appearance. --In  this  flow  needle  infections  in  their  second  year  reach  canker 
status  and  are  summed  with  cankers  appearing  from  J,^  ,  ,.   Thus: 

J       =  TI2Sl.b-2°^^"^'°^ 
^(8,11).   ^^^^   ^ 

=  TCS2, 
where 

b  =  3.6-RGRN  -  12.0, 

TCS2  =  cankers  appearing  after  2  years  from  stem  needles  infected  in  their  first 
year. 

Needle  infections  aged. 

The  flow  is  self-explanatory, 

J^g  g^  =  TI2S1-TCS2, 
=  TI3S1. 

Canker  appearance. --A1 1  the  remaining  infections  from  stem  needles  infected  during 
their  first  growing  season  become  cankers.   All  the  cankers  to  appear  from  stem- 
needle  infections  in  a  given  year  can  now  be  summed: 

"^(9,11)  "  ^I^Sl, 

=  TCOS  =  TCSl  +  TCS2  +  TI3S1. 

Canker  appearance. --The  same  logic  is  applied  to  the  calculation  of  number  of  incipient 
branch  cankers  as  was  used  to  calculate  the  number  of  new  stem-needle  cankers.   Thus: 

=  CIlBl. 
Needle  infection  aged. - -Thus : 

^(12,15)  =  '^^^'^^  -  "l'^^ 
=  TI2B1. 

Canker  appearance. --This  equation  has  been  explained;  thus: 

-3  0 
^(15,16)  =  ^^2Bl.b 
=  CI2B1 

Needle  infections  aged. --So : 

■'(15, 17)  ="-"'  -"^"1 

-  TI331. 

Canker  appearance. - - So : 

^(17,18)  =  ^^^^^ 
=   CI3B1. 
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v\UM  C  <ink(M  Portion 

..ethal  canker  gcnerat  i  on  . -- 1  t"  needles  ai'e  assumed  to  be  uniformly  (,li  st  r  i  but  ed  thi"oui;hout 
;he  crown,  the  expected  number  of  lethal  cankers  can  be  derived  as  follows: 

LC   ^    NLC 

TC        TN 

tfhere 

LC   =    number   of    letlial    cankers, 

TC  =  number  of  cankers  total, 

NLC  =  number  of  needles  in  lethal  cap, 

TN  =  number  of  needles  total. 

lien : 

NLC 
Proportion  lethal  =  =r^  (18) 

1 1\ 

)r : 

NLC  =  TN' (proportion  lethal). 

ILC  was  tabulated  for  a  range  of  given  tree  heights  (TH)  and  is  presented  in  table  21. 

The  next  problem  was  to  find  the  length  of  the  crown  cap  that  is  proportional  to 
he  lethal  canker  curve. 

Since, 

Total  needles  =  8,725  (tree  height) 

'rom  figure  36,  then: 

„    ,  •  ,^    , Total  needles^ 1/1 . 365 
Tree  height  =  ( ^J^ ) 

nd  if  the  relationship  between  Tree  Height  (TH)  and  Total  Needles  (TN)  holds  for  any 
ength  of  TH  and  number  of  TN  then : 

irrr  -  (      ^LC   1/1.365 
^  '^  "  '  8,725'' 

here 

LCCL  =  length  of  lethal  crown  cap, 

NLC  =  number  of  needles  in  lethal  crown  cap. 

ethal  Crown  Cap  Length  (LCCL)  was  computed  and  the  result  is  given  in  table  21.   The 
ext  step  was  to  plot  the  crown  cap  lengths  as  a  function  of  tree  heights.   The 
elationship  was  linear  for  total  heights  of  1  m  and  greater  (fig.  40).   Since  trees 
nder  1.5  m  in  height  are  labeled  as  seedlings  where  all  cankers  arc  lethal,  only  the 
inear  portion  of  the  curve  is  needed.   Thus: 

I  LCCL  =  0.23-TH  +  0.6  (19) 

Ihen  expressed  as  a  function  of  tree  height. 
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Table  2\ . --Calculation  of  length  of  lethal-crown-cap  in   Pinus  monticola  under  attack  by 

C.  ribicola 


Proportion 

Needles  in 

Lethal 

Tree 

Total 

of  cankers 

lethal 

cap 

height 

needles ' 

lethal^ 

cap^ 

height"* 

Meters 

Number 

iVumber 

tieters 

0.5 

5,387 

1.00 

3,387 

0.5 

.75 

5,891 

1.00 

5,891 

.75 

1.00 

8,725 

.80 

6,980 

.85 

1.25 

11,832 

.67 

7,927 

.93 

1.50 

15,175 

.54 

8,195 

.96 

2.00 

22,474 

.42 

9,439 

1.06 

,•^.00 

39,087 

.31 

12,117 

1.29 

4.00 

57,887 

.26 

15,051 

1.49 

5.00 

78,498 

.24 

18,840 

1.76 

6.00 

100,680 

71 

22,150 

1.98 

7.00 

124,258 

.21 

26,094 

2.23 

8.00 

149,102 

.20 

29,820 

2.46 

10.00 

202,193 

.19 

38,417 

2.96 

12.00 

259,327 

.18 

46,679 

2.96 

14.00 

320,059 

.17 

54,410 

3.82 

16.00 

384,051 

.17 

65,289 

4.37 

^Total  number  of  needles  =  8,72S|tree  height) 

^Proportion  cankers  lethal  =  (0.65/tree  height  at  infection  '^    j  +  0.15  (empirical 
curve  figure  24j . 

Number  of  needles  in  lethal  cap  =  proportion  of  cankers  lethal  times  total  number 
needles . 


*Lethal  cap  height  =  (number  of  needles  in  cap/8,725) 


1/1.365 


6  8  10  12 

TREE  HEIGHT  AT  TIME  OF  INFECTION  (M) 


Figure  40.  - -Postul ated  relationship  between  length  of  lethal  crown  cap  in  Pinus 
monticola   and  tree  height  at  time  of  infection  by  Cronartium  ribicola . 
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Another  question  that  we  investigated  was  the  influence  of  cankei-  growth  rate  on 
:he  development  of  the  disease  within  individual  trees.   Of  specil'ic  interest  was  the 
effect  of  fungus  growth  rate  on  proportion  of  branch  cankers  that  are  lethal.   If  we 
issume  that  reduction  of  fungus  encirclement  rate  {Fl-.R)  would  bring  aliout  a  propni-tiona 
reduction  in  distance  a  branch  canker  could  traverse  to  become  a  bole  canker  ffig..  ~7>)  , 
:hen  there  should  be  a  similar  influence  on  the  slope  of  the  crown-cap-height  function. 
rhen,  the  slope  of  the  length-of- letiial -cap  equation  (0.23  in  ecpiation  19)  can  be 
stated  as  a  function  of  l'I:R  and  a  proportionality  constant  fx): 

Slope  =  xFER 

md 

X   =    Siopc/M-,R   =    0.24    yr/m 
vhere 

FER   =    0.958   m/yr, 

Slope    =    0.25. 

rhu  s , 

LCCL  =    (0.24FER) -PTHCn+O.b  (20) 

ivhere 

FER  =  fungus  encirclement  rate  in  meters  per  year, 

rTH(I)  =  lieight  of  tree  at  time  of  infection, 

1  =  index  to  height,  which  is  number  of  years  from  needle  infection  to  appearance 
)f  cankers. 

Since  proportion  of  lethal  cankers  is  equal  to  number  of  needles  in  cap  divided  by 
[lumber  of  needles  total  (equation  18)  then: 

NLC  =  (8,725(0.24-FER)'PTH(r)  +  0.6)^""^^-^ 

md 

TN  =  8,725(PT11(1))  ^  • -^'^^  . 

fhen : 

D      .■     P  ,  .1  ,     1       (8  ,  725  (0.24-  FER)  •  PTH  ( 1)  ^0  .  6)  ^  '  ''^'^ 
Proportion  of  lethal  cankers  =  - — ^ ■ :| — z—p 

8,725(PTH(r))     "'''^ 
/hich    leads   to: 

•^(15, 14)     -  ^^^^^   ^ — rnuTT" ^ 

=  CLim , 

/here 

PTH(l)  =  height  of  tree  in  meters  at  time  of  infection. 
1  =  number  of  years  from  needle  infection  to  canker  appearance 
=  TIME-1  in  this  case. 
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Lethal  canker  generation. --These  flows  are  analogous  to  flow  (16-»-17)  . 

T  0.25  FER-PTH(I)  +  0.6^-^^^ 

(16.14)    ^^"t^U         PTH(I)       ^ 

=  CL2B1 
where 

I  =  TIME  -  2. 

Lethal  canker  generation. -- 

T  0.24-FER»PTH(I)  +  O.g/-^^^ 

^(18,14)    ^'""^'^  PTH(I)       '' 

=  CL3B1, 

where 

I  =  TIME  -  3. 

Canker  appearance. -- 

_        -20(b-^-^) 
^(19,20)  -  ™IB..b 
=  CI1B2. 

Needle  infections  aged. --The  needle  infections  that  have  not  appeared  as  cankers  are 
aged  1  year.   The  quantity  is  determined  by  subtraction: 

•^rig  -^11  "  TINB2-CI1B2 
=  TI2B2. 

Canker  appearance. --Rationale  has  been  discussed: 

3  0 

J        -  TnB^.b"^^'^^  "  ^ 
(21.22)    ^^^^^    ^ 

=    CI2B2. 

Needle  infections  aged. -- 

J     ^    =  TI2B2-CI2B2 
=  T13B2. 

Canker  appearance. --A1 1  remaining  needle  infections  appear  as  cankers: 

^{25,241  =  ""«= 
=  CI3B2. 

Lethal  canker  generation. -- 

T  0.24-FER»PTH(I)  +  0.6/'^^^ 

(20,14)    ^^^"-l         PTH(I)       ^ 

=  CL1B2 
where 

I  =  TIME  -  1. 
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Lethal  canker  generation. -- 

I        -  pT^p.."-^4»FHR»PTII(r)  ^  O.b/-^^^^^ 
'  (22,14)  '    ^'-t^-l  rTll(l)       ' 

=  CL2B2 
I  =  TIME  -  2. 

Lethal  canker  generation. -- 

I        -  pT^p-..0-24-FER-PTH(I)  ^  (l.C./'^^^ 
■^(24,14)    ^^-^^^-l  PTH(IJ       ' 

=  CL3B2 
where 

I  =  TIME  -  3. 
So,  Total  Lethal  Branch  Cankers  (TLBC)  to  appear  in  a  given  year  is: 

TLBC  =  CLIBI  +  CL2B1  +  CL3B1  +  CL1B2  +  CL2B2  +  CL3B2. 

Total  new  cankers . --This  flow  provides  the  Average  number  of  New  Cankers  Per  Tree 
(ANCPT) . 

^  fc.    no^  =  TCOS  +  CllBl  +  CI2B1  +  CI3B1  +  CI1B2  +  CI2B2  +  CI3B2 
ID. yoj 

=  ANCPT. 

Canker  accumulation:   This  flow  Accumulates  all  Cankers  Per  Tree  over  all  years 
(ACPT)  . 

^^98. 99)  =  ^^f^^^  ^^CP^ 
=  ACPT. 


STAND  INFECTION  SUBMODEL 
Seedlings 

Seedling  infect  ion . --The  equation  controlling  this  flow  is  based  on  the  regression 
given  in  figure  26. 


Proportion  Infected  in  Year  Total  cankers  =  PIYT 
1.0 
1.228 


(21 


1.0+  ANCPT 
where 

ANCPT  =  Average  number  of  New  Cankers  Per  Tree  in  year  Y. 

'     CLNT  will  be  set  equal  to  STAND,  which  is  the  initial  number  of  clean  trees  per 
hectare,  and  is  a  user-controlled  variable.   Thus: 

J,.^  ,.,  -  CLNT-PIYT 
(35,4.^) 

-  CSIY. 
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Spots-only  resistance. --A  user-controlled  variable  that  fixes  the  level  of  spots-only 
resistance  (SORL)  controls  this  flow. 

J,,,  ^,,  =  CSIY-SORL 

(43,74) 

=  SORT, 

where 

SORT  =  number  of  trees  expressing  Spots  Only  ResisTance. 

Infected  seedlings  age. --The  spots-only-resistant  trees  are  removed  from  X(43)  by 
subtraction. 

J,,,  ,^,  =  CSIY  -  SORT 
(43,42) 

=  CS2Y. 

St  em- react  ion  resistance. --This  flow  is  self-explanatory. 

J,,^  ^,,  =  CS2Y-SRRL 
(42,74) 

=  SRRT 

where 

SRRT  =  number  of  trees  expressing  Stem-Reaction  ResisTance. 

Infected  seedlings  age. --The  resistant  trees  are  removed  and  the  remaining  trees  aged 
1  year. 

^(42.48)  =  ^^''    -    ■^•^'^^ 
=  CS5Y. 

Infected  seedlings  age. --Dead  seedlings  are  accumulated  3  years  after  cankers  appear 
or  5  years  after  infection  occurs.   This  state  variable  is  used  in  the  calculation  of 
disease  progress  curves  and  is  calculated: 

J..O  rn.  =  CS3Y  +  CSDR 
(48,50) 

=  CSDR. 

Sl(Mii  NcH^dle  Infection 

Stem  infect  ions. --The  proportion  transferred  is  computed  by  the  infection-probability 
function  which  has  already  been  discussed  (eq.  21).   But,  the  variable  TCOS  is  used 
in  place  of  ANCPT: 

Proportion  Infected  in  Year  with  Stem  cankers  =  


1  22i 
1.0  +  • 


TCOS 


Then 


^(35,36)  "  ^^^'^'^1.0  +  i.228^ 

TCOS 
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ipots-only   res  i  stance.  --Tlic   use   of   SORL  has   been   explained. 

(j)6,74j 

=    SSORT 

/here 

SSOR'l'  =  number  of  Stein-ncedle  infected  trees  showing  Spots-Only  l^es  isTancc . 

nfected  trees  age. --The  mechanics  of  this  flow  Iiave  been  explained. 

=  SC2T. 
tern  reaction  resistance. -- 

^^57,74)  =  -'^C2T.SRRL 
=  SSRRT 

here 

SSRRT  =  number  of  Stem-needle  infected  trees  showing  Stem  Reaction  ResisTanco. 

ermanent  inactivati on. --Calculation  of  number  of  trees  having  all  cankers  either 
ermanently  or  temporarily  inactivated  was  treated  as  a  probability  problem.  For 
xample,  assume  the  following: 

Number  of  trees  in  X(57)  =  10; 

Level  of  permanent  inactivation  =  0.2; 

Average  number  of  cankers  =  2.5. 

\n   the  instance  of  individual  trees,  the  probability  would  be  equal  to  the  product  of 

e  individual  probabilities.   The  probability  of  all  cankers  being  permanently 
ihactivated  on  a  tree  with  two  cankers  would  be  0.2  x  0.2  or   0.04.   Although  we  know 
p  not  to  be  strictly  accurate,  we  will  assume  that  the  same  reasoning  will  apply  to 
|ie  average  number  of  cankers  per  infected  tree  as  follows:   if  the  infected  trees 
erage  2.3  cankers  per  ti;ee  the  probability  of  all  the  cankers  on  a  tree  permanently 
activating  would  be  0.2""   or  0.025.   If  X(37)  contained  10  infected  trees  then 
.25  trees  would  flow  to  X(55).   We  have  used  the  same  logic  in  deriving  the  temporary 
lactivation  function.   Thus  the  proportion  returned  to  X(35)  is  calculated: 

SCPIT 
CLNT  =  SCPIL'     •SC2T 

lere 

SCi'IL  =  Stem  Canker  Permanent  Inactivation  Level, 

SCPIT  =  average  number  of  Stem  Cankers  Per  Infected  Tree  from  cankers  that 
)pear  in  current  year  (assume  that  cankers  inactivate  when  tliey  ap]iearl  . 
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SCPIT  is  equal  to  the  total  number  of  stem  needle  cankers  that  appear  during  the 
current  year  divided  by  the  number  of  stem-infected  trees  for  the  same  year.   The 
number  of  new  stem  infections  is  equal  to  TCOS  (number  per  average  tree)  times  the 
number  of  stems  in  the  stand  XC35) ,  and  the  number  of  stem  infections  is  equal  to 
X(35)-(1.0(1.0+(1.228/TCOS))) .   Thus, 

SCPIT  =   IC0S.X(351. 


X(j>5)  •  (^_Q  ^  1,228/TCOS-' 


which  reduces  to: 

SCPIT  =  TCOS  +  1.228.  (22) 

Then : 

SCPIT 
J        =  (SC2T  -  SSRRT)-SCPIL 

=  TSCPI 
where 

TSCPI  =  number  of  Trees  with  Stem  Cankers  Permanently  Inactive. 

Temporary  ina/:tivation. --The  derivation  of  the  inactivation  function  has  been  discussec 

SCPIT 
J        =  (SC2T  -  SSRRT  -  TSCPI)SCIL 

=  TSCTI 

where 

TSCTI  =  number  of  Trees  with  Stem  Cankers  Temporarily  Inactivated. 

Girdle  storage. --The  number  of  trees  supporting  at  least  one  active  stem  canker  that 
resulted  from  a  direct  stem  infection  that  will  be  girdled  by  the  rust, 

J,__  „o^  =  SC2T  -  SSRRT  -  TSCPI  -  TSCTI 

( J  / ,  JO  J 

=  sees. 

Girdle  process . --This  flow  is  computed  by  subroutine  GIRDLE  (appendix  IV),  according 
to  the  following  arguments  and  is  the  time  required  for  the  rust  to  complete  the 
girdling  process: 

SCGT  =  flow  out  of  GIRDLE  (Stem  Canker  Girdled  Trees), 

SCGS  =  number  of  trees  flowed  in, 

1  =  flag  for  TGIRDl  equation  (appendix  IV) , 

TEM37B  =  number  of  trees  moved  into  SCGS, 

3  -   index  for  PTH(INDX)  determines  canker  location  on  bole, 

0  =  flag  that  indicates  Branch  Growth  Period  (BGP,  see  eq.  23)  is  not  needed. 
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The  number  of  Stem  Canker  'I'recs  Dead  (SCTl))  in  a  ,i;iven  yeai-  is: 

scTD      =  scurr  +  scc/r. 

React  i  vat  ion  ]-)rocess  .  -  -1-  low  of  trees  that  have  had  inactive  stem  cankecs  reactivated. 
The  argument  definitions  for  tlie  (^.IRDLF:  function  in  this  case  are: 

RSCIAS  =  flow  out  of   the  storage  array  =  l^eactivated  Stem  Cankers  after  1  nAct  i  vat  hmi 
Storage. 

CIAS  =  identification  of  tlie  storage  array  =  Canker  InActivation  Storage, 

3  =  flag  that  indicates  TGIRD  =  ICIAS  (Time  to  ClRlJlc  =  Inactive  Canker  I  ir\ct  i  vat  i  on 
Storage  period ) , 

Tl:M57A  =  number  of  trees  to  be  moved  into  the  array  CIAS, 

0  =  no  INDX  value  because  infection  point  not  computed, 

0  =  flag  tliat  indicates  BCP  is  not  computed, 
and 

J,,r  1^,  =  RSCIAS 
=  SCIGS. 

Girdle  process  of  reactivated  cankers . --Flow  of  trees  supporting  reactivated  stem 
tankers  while  girdling  is  completed.  The  arguments  for  subroutine  GIRDLIi  in  this 
case  are: 

SCITD  =  quantity  of  trees  to  flow  from  X(46)  to  .\(I7J, 

SCIGS  =  identification  of  the  array  used  =  Stem  Canker  Inactivation  Girdle 
Storage , 

1  =  flag  to  identify  the  TGIRD  formula  used, 

CIAS  =  ciuantity  of  trees  flowed  into  array  SCIGS  to  reside  for  TGIRD  years, 

INDX  =  flag  used  to  identify  PTll(INDX)  used  in  computation  of  circumference  that 
canker  must  encircle, 

0  =  flag  indicating  that  BCD  is  not  to  be  computed. 

So: 

•^46.47J  =  SCIGS 

=  TDRDSC. 
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Branch  Needle  Infection 

Branch  infection. --Since  we  are  still  in  the  same  time  cycle,  the  amounts  removed  or 
added  from  CLNT  must  again  be  subtracted  or  added  because  the  SIMCOMP  compiler  does 
not  complete  the  flows  until  the  end  of  the  cycle.   We  compute: 

J(35,44)  =  (CLNT-SCIT  .  TSCPI)— -1^ 


TLBC 

=  BCIT 

where 

SCIT  =  flow  X(35)-^X(:36) 

TSCPI  =  flow  X(37)->X(35) 

TLBC  =  value  of  X(17)  . 

Spots-only  resistance. --To  obtain  this  flow: 

J,,,  ^,,  =  BCIT-SORL 
(44,74) 

=  BSORT 
where 

BSORT  =  number  of  trees  with  Branch  canker  Spots-Only  Resistance. 

Branch- infected  trees  aged  1  year. -- 

J...  .o.  =  BSIT  -  BSORT 
(44.49) 

=  BC2T. 
Stem-reaction  resistance. -- 

•J  (49,  74)  ^  BC2T.SRRL 
-  BSRRT 

where 

BSRRT  =  number  of  trees  with  Branch  canker  Stem  Reaction  ResisTance. 

Permanent  inactivation  of  branch  cankers . --All  variables  and  rationale  have  been 
discussed.   Computation  of  number  of  lethal  Branch  Cankers  Per  Lethally  infected  Tree 
(BCPLT)  uses  equation  22  with  the  substitution  of  TLBC  for  TCOS  and  BCPIL  is  an 
externally  supplied  variable.   So, 

BCPI  T 
J        =  (BC2T  -  BSRRT)BCPIL 

=  TBCPI 
where 

TBCPI  =  number  of  Trees  with  Branch  Cankers  Permanently  Inactivated 

RCPI  T 
=  (BS2T  -BSRR-BSCP1)BCIL      . 
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'emporary  inactivation  storage. 


J        =(BC2T  -  BSRRT  -  TBCPIIBCIL 
=  TBCTI 


BCPLT 


where 


TBCTI  =  number  of  Trees  vsiith  Branch  Cankers  Temporarily  Inactivated. 

girdle  storage ■ --This  flow  computes  the  number  of  trees  with  active  brancli  cankers 
that  will  await  completion  of  the  girdling  process. 

J        =  BC2T  -  BSRRT  -  TBCPI  -  TBCTI 

=  BCSC 
where 


TSBCG  =  number  of  Trees  to  be  stored  in  Branch  canker  Girdle. 

Girdle  process . --The  equation  for  this  flow  was  develo])ed  from  the  word  model  and 
empirical  equations  based  on  Buchanan's  (1958)  data  (fig.  41,42).    The  derivation 
is : 

Years  to  reach  bole  = 


vhere 


0.5-0.  66  (0.24-  PER  •  PTH  ( I )  +  0 .  b  J  •  0 .  55  /PTH  ( I ) 
0.5FER(0.44PTH(I)+0.5) 


0.5  =  division  of  branch  length  by  one-half, 

0.66  =  division  of  lethal-crown-cap  height  by  two-thirds, 

(0.24'FHR'PTH(l)+0.6)  =  height  of  lethal-crown-cap  (from  eq.  20), 

0.55  /PTH(I)  =  crown  radius  at  base  (figure  41), 

0.5  P'ER  =  fungus  growth  rate  down  the  branch  given  as  growth  rate  of  the  fungus 
'iround  the  bole,  (PER) -0.5, 

(0.44PTll(I)+0. 3)  =  total  height  of  the  crown  (figure  42). 
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Figure  41. --Plot  of  Pinus   mnnticola    crown  radius  on  total  lieight  (^lata  from 
Buchanan.  1958). 
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TREE  HEIGHT  (M) 

Figure  42. --Plot  of  Pinus  monticola    crown  height  on  total  height  (data  from 
Buchanan  ,  1 938) . 


The  above  expression  reduces  to: 


Years  to  reach  bole  = 


/PTH(I) (0.05°FER'PTH(I)+0.069) 
FER(0.22PTH(I)+0.15) 

INDX  =  BGP.  , 


+  2 


(23) 


INDX  gives  the  period  required  for  growth  of  the  rust  down  the  branch.   This  value  is 
the  period  from  appearance  of  an  incipient  canker  until  this  canker  reaches  the  stem. 
The  2  is  added  because  it  took  the  canker  2  years  to  reach  state  variable  X(49) . 
INDX  is  used  in  two  places.   First,  it  is  used  to  compute  the  expected  distance  from 
the  top  of  the  tree  at  time  of  infection  to  the  point  where  the  canker  is  simulated 
to  enter  the  bole.   The  development  of  this  idea  was  treated  earlier.   Also,  in  the 
case  of  the  current  flow,  the  additional  2  years  are  needed  so  BGP  is  set  equal  to 
INDX.   Second,  INDX  is  used  in  the  computation  of  circumference  to  arrive  at  a 
girdle  period,  in  which  case  the  additional  2  years  are  not  needed;  so  2  was  subtracted 
from  the  constant,  5,  in  TGIRDl  and  the  constant  becomes  3  in  TGIRD2.   The  arguments 
for  TGIRD2  are  CTH,  PTH(INDX),  CLF,  FER,  TCGR,  and  BGP.   All  have  been  discussed  and 
defined.   Thus, 

GIRDLE(BCTD,BCGS,2,TSBCG, INDX, BGP) 

computes  storage  period,  where: 

BCTD  =  quantity  of  trees  flowed  out, 

BCGS  =  array  identity, 

2  =  flags  TGIRD2, 
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SRCG  =  quantity  of  trees  flowed  in  (trees  Stored  foi-  I5i-;meh  Canker  (i 


I  \\\  1  e 


INDX  =  time  from  aj^pcarance  of  incipient  canker  to  stem  ent  r-\'  for  height 
;alciilat  ions, 

EG?   -    period  for  growth  down  branch, 

ind 

-  [1RBC  . 

Reactivation  process. --The  derivation  of  (URiJLH  has  been  discussed. 

RBCIAS  =  quantity  of  trees  flowed  out  of  the  array, 

BCIAS  =  branch  canker  inactivation  storage  the  array  identity, 

3  =  flag  that  TCIRU  (storage  period)  is  ecjual  to  ICIAS, 

TBCTI  =  number  of  trees  flowed  into  array  BCIAS  (number  of  Trees  with  Branch 
Cankers  Temporarily  Inactivated), 

0  =  flag  that  INDX  is  not  used, 

0  =  flag  that  BGP  is  not  used, 

and 

J,^-  ^^,  =  RBCIAS 
(Si  ,55) 

-  BCISG  . 

Girdle  process . --The  time  required  for  reactivated  branch  caiikers  to  girdle  the  bole 
is  given  by  subroutine  GIRDLE  and  the  following  arguments: 

BCITD  =  number  of  trees  flowed  out  of  the  array, 

BCIGS  =  branch  canker  girdle  and  branch-growth  period  storage  array, 

2  =  flag  that  TGIRD2  is  the  equation  used, 

TICR  =  number  of  trees  flowed  into  the  array  BCIGS  (number  of  trees  with  inactive 
pankers  reactivated) , 

INDX  =  flag  used  to  identify  PTIl(INDX)  used  in  computation  of  circumference  that 
canker  must  encircle, 

BGP  =  length  of  canker  gi^owth  period  down  the  branch  in  years, 

pd 

=  BCITD 
(55,5b) 

=  DRRBC. 
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APPENDIX  II 
Function  Heii^ht 

One  of  the  principal  forcing  variables  for  the  blister  rust  model  is  tree 
eight.   The  following  paragraphs  explain  the  construction  of  a  model  that  produces 
eight  increment  as  a  function  of  stand  age  and  site  index. 

HTI  is  a  function  of  stand  age  (TIME),  an  internal  or  external  variable,  and 
ite  index  (SITE),  an  external  variable.   The  value  of  IITI  is  used  to  update  average 
Lirrcnt-Tree  Height  (CTH)  ,  a  computed  variable.   Successive  annual  estimates  of  CTII 
ill  be  retained  for  up  to  20  years  in  an  array  (PTH(I)),  which  is  indexed  by  the 
umber  of  years  from  current  simulated  time. 

The  interaction  between  C.  ribicola ,    P.    monticola ,    and  Rihes    spp.  is  related  to 
:and  height  through  its  influence  on  light  penetration  and  other  variables.   Also, 
\e   quantity  and  quality  of  susceptible  pine  host  target  area  is  assumed  to  be 
lirectly  linked  to  CTH  and  values  of  past  average  stand  heights  are  used  to  estimate 
/erage  bole  circumference  at  particular  points  of  infection.   These  estimates  are 
i)inbined  with  estimates  of  fungal  growth  rate  to  project  the  length  of  time  required 
)r  the  rust  to  girdle  the  bole.   The  computation  of  Rihes   density,  used  for  predicting 
16  quantity  of  inoculum  available,  is  derived  from  an  index  of  tree  crown  height 
id  number  of  living  trees  in  the  stand  (TLT) . 

[■'unction  "height"  predicts  HTI  through  a  two-component  model: 

1.  An  equation  to  predict  the  expected  value  of  the  increment. 

2.  A  mechanism  designed  to  draw  a  random  value  of  HTI  from  a  pojiulat  i  on 
(assumed  to  be  normally  distributed)  described  by  the  expected  value 
and  an  estimate  of  the  variance  about  the  expected  value. 

I:,ese  components  were  derived  as  follows:   Brickell  (1970)  used  a  Richard's  function 
a  model  for  a  western  white  pine  site  index  equation: 

S  -   hi/ni-boe-^^^)-^^ 

uere 

e  =  base  of  the  natural  logarithm, 

S  =    site  index  (feet  at  50  years  b.h.  age), 

H   =  average  height  of  dominant  and  codominant  trees, 

A   -    age  of  the  oldest  dominant  tree  in  the  even-aged  stand, 

(i>l  ,i)2  ,i33  ,i>t+)  -    estimated  pai'ameters. 
lis  equation  was  solved  for  H, 


111 


and  then  differentiated  with  respect  to  age  lo  obtain  an  expression  for  instantaneous 
rate  of  increment  in  the  average  height  of  dominant  and  codominant  members  of  the  stand 


dH/dA    =  b 


'b-^'bn'  S'  ( \-b2s 


b^A^^b^-l)  ^^-b-iA 


(24) 


where 


1/fc] 


Figure  43,  derived  by  substituting  Brickell's  (1970)  parameter  estimates,  shows 
that  equation  1  has  sufficient  flexibility  to  mimic  the  expected  pattern  of  change 
in  tree  height  with  respect  to  time.   In  order  to  derive  parameter  estimates  appropriate 
to  our  model  needs  and  modeling  assumptions,  we  required  observations  of  annual 
increment  from  a  sample  of  trees,  drawn  without  respect  to  crown  class,  from  a  wide 
range  of  site  indices.   Appropriate  sources  of  data  were  records  of  two  other  studies. 
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Figure  43. - -Expected  annual  increment  in  the  average  height  of  dominant  and  codominant 
members  of  a  western  white  pine  stand  as  a  function  of  age  and  site  index  (adapted 
from  Brickel J ,  1970) . 


The  first  of  these  was  a  set  of  124  estimates  of  annual  increment  resulting 
from  measuring  internode  lengths  on  28  young  white  pine  that  were  growing  on  an 
excellent  site  (estimated  site  index  112).   These  trees  were  dissected  and  all 
branch  and  stem  internodes  were  measured  and  needles  per  internode  counted  to  supply 
more  data  on  needle  distribution  and  number  for  the  pine  target  simulation.   The 
trees  were  collected  near  Elk  River,  Idaho,  and  ranged  in  age  from  3  to  9  years. 

The  second  set  of  data  was  information  recorded  on  trees  selected  for  progeny 
testing  as  part  of  the  blister  rust  resistance  breeding  program  (Bingham  and  others 
19/1).   Data  included  height,  age,  and  site  index  for  all  candidate  trees.   In 
addition,  29  of  the  candidate  trees,  distributed  among  five  site  index  classes,  were 
photographed  in  1952  and  1953.   The  bole  axis  and  film  plane  were  nearly  parallel 
and  the  view  of  the  bole  and  crown  from  the  photo  point  was  unobstructed.   These 
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)hotographs  were  mounted  on  an  Addo-X  increiDcnt -ct)re  nieasurini;  device.   Total  heii'.ht 
md  all  Lnternodc  leni;ths  that  could  be  accuratcl)'  associated  with  a  t  I'ee  a,ue  were 
leasureil.   Appropriate  scale  factors  translated  these  measureiiieiit  s  so  that  an  additiona 
)29  observations  of  annual  increment  were  developed.   The  distribution  of  obserxat i ons 
imong  site  indexes  and  age  classes  is  sliown  in  table  22. 

'able  22 . --Distribution   of  western   white   pine   heigh^    increment   data   among  age   and 

site   classes 

Site  iiidex 

Age  ___     ____________^__________   .      „___ 

lass  53        6.3        75       104       112  Total 


Number   of   increment   measurements    - 


0-5  1  109  110 

6-10  S  17  22  47 

1-15  5  14  4h  19             84 

6-20  4  15        15  60  25            119 

1-25  7  15        22  59  20            125 

6-30  15  15        22  45  6            103 

1-35  15  15        20  25  75 

6-40  15  4        17  1  37 

1-45  IS  15  30 

6-50  12  7  19 

1-55  2  4  6 

otal  85  69       144  254  201            753 


The  distribution  shows  paucity  of  data  at  young  ages  in  the  low  site  classes 
id  older  ages  in  the  high  site  classes.   At  ages  where  annual  height  increment  is 
;ar  maximum  (20  to  40  years),  all  classes,  nevertheless,  are  fairly  well  represented. 

Parameters,  estimated  from  these  data  using  Marquardt ' s  (1966)  nonlinear  least 
luares  algorithm,  are  as  follows: 

bi  =  0.653617 

bo  =  1.024494 

253  =  0.024202 

ij  bi,  =  2.071822 

'iese  parameters  were  substituted  into  ecpiation  (24J  and  the  ex]iression  was  simplified 
I)  the  form  given  in  equation  (25). 

i         ^    „  ^,„^^^    ,,  ,    no. in    -0.024202M  1.07182   -0.024202-/!  ,^,, 

'1         h   =  0.  0jj577'S- (1-1,  02449*e  )        -e  (25) 

iiere 

h   -   average   annual    height    increment    on    a    stand   basis    (meters)    =    coiiiinited 
^iriable  HTl, 

S  -   estimated  site  index  (feet  at  50  years  b.h.  age)  =  external  variable  SlTi;, 

A   =  average  stand  age  =  computed  variable  TlMb. 
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Equation  (25)  is  used  to  compute  the  expected  value  of  the  annual  increment  in 
average  stand  height. 

The  theory  describing  the  estimation  of  the  variance  about  the  regression 
surface  for  nonlinear  models  is  not  well  developed,   Marquardt ' s  algorithm,  however, 
minimizes  an  objective  function,  which  has  been  transformed  by  a  Taylor  series 
expansion  to  an  expression  which  is  linear  with  respect  to  the  estimated  parameters. 
Assuming  that  parameter  estimates  are  stable,  the  confidence  bands  about  the  regression 
surface  can  be  approximated  in  accordance  with  linear  theory.   This  extension  of 
linear  theory  was  deemed  adequate  to  meet  our  modeling  needs.   Figure  44  illustrates 
the  relationship  between  annual  increment  in  average  stand  height  and  stand  age  for 
site  index  75,  and  displays  the  95  percent  confidence  bands  computed  from  equation 
(26).   Equation  (26)  was  derived  from  the  output  of  the  fitting  procedure  and  incorporat 
into  the  simulation  program. 
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Figure  44 .- -Expected  annual  increment  in  average  stand  height  (h)  versus  stand  age  for 
site  index  75  western  white  pine.  Bands  surrounding  h  represent  approximate  95  perc 
confidence  bands. 


where 


4   4 
s2=  {  Z    E  ptp  .  .' {P  .-p  .^'{P  .-p  .)}'    PHT 


i=l  j=l 


ij         1      1  3      3' 


(26) 


ptp  .  .      =  the  elements  of  the  inverse  moment  matrix  resulting  from  the  fitting 
procedure , 


P  . ,P  .   -   the  partial  derivatives  of  equation  (24)  with  respect  to  parameters  i 
and  J,  evaluated  at  the  appropriate  values  of  S   and  A. 


(^] 


(eg.  1) 

9231 


{S ,A,b\  ,252,i'3,i>i4} 


p., p.   -   the  average  values  of  the  partial  derivatives  of  equation  (24)  with 
respect  to  parameters  i  and  j  resulting  from  the  fitting  procedure, 
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PHT     =  the  mean  squared  residual. 

Prediction  of  IITI  is  a  threc-stc])  procedure: 

1.  Equation  (25)  is  evaluated  to  determine  expected  value, 

2.  liquation  [2b)    is  evaluated  to  estimate  the  variance  about  the  expected 
lue , 

3.  A  number  is  drawn  from  the  normal  distribution  described  by  the  estimated 
riance  and  the  expected  value, 

nction  "height"  yields  total  height  of  an  average  tree  in  tlie  stand  at  an  age 
ual  to  TIMH. 
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APPENDIX  III 


Subroutine  Spores 

A  method  was  needed  that  would  accept  injnit  information  about  the  nature  oi" 
ction  periods  and  Rihes   species  and  calculate  the  "expected''  j'.eniii  nat  i  on  perctMita,i',e 
eliospores.   The  following  model  was  constructed  to  make  this  calculation. 

If  the  rate  of  basidiospore  cast,  or  its  integral,  cumulative  basidiospore 
,  can  be  expressed  as  a  function  of  telial  column  size  parameters,  then  the 
er  of  bas id iospores  produced  in  an  infection  period  should  be  estimable  from 
ospore  numbers,  telial  column  size  parameters,  and  the  duration  of  the  infection 
od. 

Bega  (19S9)  conducted  an  experiment  wherein  individual  telial  columns  were 
ed  in  ideal  environments  and  allowed  to  germinate  to  exhaustion.   He  reported 
lative  basidiospore  cast  by  1-hour  time  intervals  for  four  telial  columns  of 
ing  lengths  and  diameters.   To  our  knowledge,  these  data  are  the  only  published 
titative  information  on  the  relationship  between  telial  column  size  and  basidio- 
e  production  for  C.  ribicola . 

We  converted  these  data  to  show  cumulative  basidiospore  production  as  a  proportion 
otal  production  for  each  telial  column  (fig.  45).   These  data  show  a  S-  to  8- 
delay  between  the  onset  of  suitable  environment  and  the  beginning  of  basidiospore 
and  an  inflection  at  15  to  17  hours.   Following  this  inflection,  cumulative 
diospore  cast  generally  increases  at  a  decreasing  rate  until  the  column  is 
usted.   Bega  (1959)  concluded  tliat  the  magnitude  of  the  decreasing  rate  appears 
e  related  to  column  size. 
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ire  45  . --Cumulat  ive  percent  of  Cronartiurn  ribicola   bas  i  d  i  ospores  cast  from  telial 
column  of  various  lengths  and  diameters  (calculated  from  Bega,  1959). 
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We  next  graphed  the  data  to  show  the  proportional  hourly  rate  of  basidiospore 
cast  (fig.  46).   Several  patterns  were  observed: 
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Figure  46. - -Proportional  rate  of  basidiospore  production  observed  from  four  Cvonavtium 
ribicola   telial  columns  of  various  lengths  and  diameters  (calculation  based  on  data 
from  Bega  1959) . 

1.  Each  rate  curve  was  positively  skewed  with  a  maximum  in  the  vicinity  of  14 
to  20  hours. 

2.  The  height  of  the  maximum  was  inversely  related  to  column  diameter. 

3.  Each  maximum  was  succeeded  by  a  series  of  local  maxima,  which  were  spaced 

at  4-  to  8-hour  intervals  and  decreased  in  magnitude  as  time  of  exposure  to  germination 
conditions  increased, 

4.  The  length  of  time  required  to  exhaust  a  column  was  directly  related  to 
column  diameter. 

These  patterns  strongly  suggest  that  the  rate  of  basidiospore  cast  is  related  to  the 
arrangement  of  teliospores  within  a  column. 

We  examined  several  sections  of  telial  columns  to  see  if  there  was  some  apparent 
geometric  arrangement  of  teliospores  that  could  be  expressed  as  a  simple  model.   In 
longitudinal  section,  teliospores  are  arranged  as  chains  of  bulging  cylinders  with 
diameters  slightly  larger  in  the  middle  than  at  each  end.   Adjacent  chains  are 
offset  so  that  the  center  bulge  of  a  teliospore  in  one  chain  closely  conforms  to  the 
restricted  area  at  the  joining  of  two  teliospores  in  the  adjacent  chains  (see 
Colley  1918).   Spore  arrangements  observed  in  horizontal  sections  reflected  this 
offset  as  teliospore  diameters  appeared  to  be  quite  variable.   The  uniformity  of 
spore  size  exhibited  in  vertical  sections,  however,  suggests  that  this  variation  is 
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artifact  of  the  vertical  arrangement.   It  would  seem  reasonable  to  coiisidcr  the 
dividual  teliospore  as  a  cylinder  with  a  diameter  equal  to  the  average  of  the 
liospore  diameters  observed  in  a  column  cross  section. 


We  furtlier  observed  that  teliospores,  when  examined  in  a  cross  section,  were 
rayed  in  rings  about  a  single  center  spore  or  a  center  cluster  of  four  spores. 
ese  patterns  can  be  translated  into  simple  geometric  models  (fig.  47)  for  which 
e  number  of  spores  in  a  ring  (A/.)  can  be  approximated  from  the  proximity  of  the 
ng  to  the  center  of  the  column  tfor  the  center  cluster,  i=r).  for  columns  with 
ngle  center  spore, 

if  i  =  l 


N  . 

1 


i-1)  if  i>l, 


d  for  columns  with  a  center  cluster  of  four  spores. 


N.    =    6i-2 

1 


e  structure  of  the  innermost  ring  can  be  determined  from  the  "diameter"  of  the 
lial  column  when  measured  in  units  of  average  teliospore  diameter.   An  even  column 
ameter  implies  a  center  cluster  of  four  spores;  and  an  odd  column  diameter  implies 
single  center  spore. 


Piobasidia 


Key  to  germination  dynamics 
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&-12  hrs  ^    24-30  h-s 
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igure  47 .  - -Geometri c  model  of  the  arrangement  of  teliospores  within  a  Cronartium 
ribicola    telial  column.   The  section  at  the  left  shows  the  arrangement  of  spores 
the  inner-most  ring  is  composed  of  a  single  spore.   The  timing  of  basidiospore 
production  relative  to  the  start  of  the  infection  period  is  illustrated  by  the 
shaded  teliospores.   Both  sections  represent  columns  composed  of  four  rings  and 
would  theoretically  completely  germinate  in  56  hours, 
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if 


This  simple  geometric  model  of  column  structure  is  well  suited  to  interpretation 
of  the  proportional  hourly  basidiospore  cast  rate  data.   Colley  (1918)  observed  that 
teliospores  appear  to  germinate  in  order  of  proximity  to  the  exterior  of  the  colum.n. 
Assuming  that  teliospore  viability  is  relatively  constant  throughout  a  column,  the 
maximum  rate  of  basidiospore  cast  should  then  correspond  to  the  germination  of  the 
outer  ring,  resulting  in  the  observed  positive  skew  in  the  production  rate  curves. 
If  we  further  assume  that  basidiospore  cast  from  a  specific  ring  is  normally  distributed 
over  a  fixed  time  interval,  then  the  sequential  germination  of  successively  inward 
rings  should  result  in  a  pattern  of  regularly  spaced  local  maxima,  decreasing  in 
magnitude  as  time  of  exposure  to  germination  conditions  increases.   Since  these  rate 
curves  never  approach  zero  between  local  maxima,  an  overlap  between  the  germination 
periods  of  adjacent  rings  would  seem  likely. 

Finally,  if  the  length  of  time  required  to  exhaust  a  ring  is  fixed,  columns 
with  more  rings,  that  is,  greater  diameters,  will  necessarily  require  more  time  to 
completely  exhaust.  Columns  with  relatively  large  diameters,  however,  will  have 
proportionately  fewer  spores  in  the  outside  ring.   Therefore,  the  greater  the 
diameter  of  the  column,  the  smaller  the  magnitude  of  the  maximum  in  the  proportional 
cast  rate  curve. 

We  used  this  interpretation  as  the  framework  for  a  model  to  describe  the  rate 
of  basidiospore  cast.   We  assume  a  6-hour  delay  between  the  start  of  an  infection 
period  and  the  beginning  of  basidiospore  cast.   We  further  assume  that  the  cast  from 
an  individual  ring  will  be  normally  distributed  over  a  12-hour  period  with  a  standard 
deviation  of  2  hours.   Overlap  between  the  germination  periods  of  adjacent  rings  is 
approximated  as  6  hours.   These  time  parameters  were  estimated  from  the  pattern  of 
occurrence  of  maxima  in  the  cast  rate  curves  for  Bega's  (1959)  columns.   Simulations 
based  on  the  size  characteristics  of  these  columns  show  a  close  correspondence  to 
observed  cast  rates  (fig.  48).   We  wish  to  emphasize  that  the  model  nevertheless  is 
based  on  a  rather  loose,  but  plausible,  interpretation  of  an  extremely  small  sample 
and  is  quite  tentative. 
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Figure  48. - -Comparison  of  observed  and  simulated  proportional  rates  of  basidiospore 
production  from  a  Cronartium  rihicola   telial  column  1330y  long  and  105y  in  diameter 
(observed  data  from  Bega,  1959) . 
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The  information  required  to  drive  this  model  of  teliospore  germination  is 
ial  Column  diameter  (Width)   {'rCW)  ,  average  TclioSporc  Diameter  {'I'SD),  and  the 
ected  [Juration  of  the  Infection  Period  (DIP).   Using  the  above  described  time 
ameters,  these  arguments  are  employed  to  compute  the  proportion  of  total  potential 
idiospores  that  will  be  cast  (PCAST)  .   Tlie  distribution  of  cast  rate  for  an 
ividual  ring  is  incorporated  as  an  array  (CNORMZ)  with  elements  corresponding  to 
integrals  of  tlie  standardized  normal  density  function  evaluated  for  l/2o  increments 


CNORMZ (1 


/ 


-X- 12 
e  dx   =    0.0062 


-x2/2 


CNORMZ  (111  = 


dx   =  0.9938 


RMZ  is  then  indexed  by  the  number  of  hours  tliat  a  particular  ring  has  been 

ting  basidiospores .   The  sequence  of  model  calculations  begins  with  the  estimation 

cross-sectional  dimensions  of  the  telial  column:  telial  column  diameter, 

NTSD  -  TCW(ISP)/TSD  +  0.5, 

tlic  number  of  spore  rings  in  the  column, 

NR  =  NTSD/ 2.0  +  0.51. 

t,  the  infection  period  duration  is  adjusted  to  reflect  the  6-hour  lag, 

DIP  =  D  -  6.0, 

the  length  of  time  required  to  completely  exhaust  the  column  is  estimated, 

HTIME  =  6.0*(NR  +  I.OJ  . 

DIP  is  greater  than  HTIME,  all  available  teliospores  are  assumed  to  germinate  and 

ST  is  returned  to  the  calling  jirogram  with  a  value  of  1.0.   Otherwise,  the  proportion 

total  basidiospores  cast  must  be  computed  from  the  estimated  column  dimensions. 

To  facilitate  estimation  of  the  proportion  of  available  basidiospores  cast  when 
column  does  not  exhaust,  the  proportion  of  teliospores  in  each  ring  RATIO(r) 
t  be  computed.   For  convenience  of  summation,  IIATIO  is  indexed  from  the  outside 
the  column  in,  corresponding  to  the  theoretical  order  of  germination.   The  value 
RATIO  for  a  particular  ring  can  be  derived  from  the  number  of  rings  in  the  column 
tlie  number  of  teliospores  in  a  Cross  SECTion  of  the  column  (CSECT)  .   l-or  columns 
h  a  single  center  spore, 

CSECT  =  5.0*NR*(NR-1.0;)  +  1.0 


RATIO(I) 


(6.0*(J-1 .0))/CSECT      for  I<NR 
1.0/CSECT  for  1=\R 


re 


J  =  NR  -1+1 
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For  columns  with  a  center  cluster  of  four  spores, 

CSECT  =  4.0  *  NR  +  3.0  *  NR  *  (NR-1.0) 
and 

RATIO(n  =  ((6.0*J)  -  2.0)/CSECT. 
Next,  the  Number  of  Complete  Rings  Germinating  is  computed: 

NCRG  =  (DIP  -  6.0)/6.0+0.05 

and  PCAST  is  set  equal  to  the  sum  of  the  first  NCRG  values  for  RATIO(n. 

With  the  assumed  time  parameters,  one  or  two  rings  may  not  completely  germinate. 
The  value  of  PCAST  must  be  adjusted  to  include  the  proportions  of  hasidiospores  cast 
from  these  partially  germinated  rings.   The  first  of  these  partially  germinated 
rings  will  have  an  index: 

I  =  NCRG+1. 

The  proportion  of  available  hasidiospores  cast  by  the  Ith  ring  is  determined  by  the 
appropriate  reference  to  the  array  CNORMZ: 

INDX  =  DIP  -  6.0*NCRG, 

and  rCAST  is  adjusted  accordingly: 

PCAST  =  PCAST  +  RATIO(I)  *  CNORMZ(INDX) . 

Finally,  INDX  is  decremented  by  6,  I  is  incremented  by  1,  and  the  adjustment  to 
PCAST  is  repeated  to  reflect  the  contribution  to  basidiospore  cast  from  the  (NCRG+2) 
ring. 
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APPENDIX  IV 
SiihroLitine  Girdle 

A  way  was  needed  to  hold  some  infections  at  a  steady  state  while  the  siinuiatt)f 
cled  tree  growth  and  infections  on  other  trees.   l"'e  acconipl  islieii  the  liolding 
tion  by  feeding  simulated  infected  trees  into  an  array  at  a  specified  point  and 
en  advancing  the  array  1  year  at  a  time.   These  "infected"  trees  would  then  come 
ut"  of  the  array  at  the  desired  time  to  be  flowed  to  the  next  state  varial)le.   The 
llowing  derivation  mainl>'  concerns  the  method  of  calculating  the  time  a  given  kind 
"infected"  tree  will  remain  in  storage.   The  first  derivation  pertains  to  the 
orage  time  required  for  girdling  of  the  stem  by  a  canker  that  reaches  tlie  stem 
rough  a  stem-needle.   Thus: 

TGIRDl  ('A,B,C,D)  =  ({().042-  (A-B)  •  (A-1.  14)  )/(A-l  .  40  )  )  /  (C-D  ) +5 

ere 

A  =  CTll, 

B  =   PTH(INDX)  =  PTH(3) , 

C  =  PER, 

D  =  TCGR  =  tree  circumference  growth  rate, 

5  =  additional  time  in  years  it  takes  after  girdling  for  death  to  occur. 

CTH  is  read  from  function  HEIGHT.   INDX  =  5  in  this  case  because  the  infection 
uld  be  on  wood  5  years  old  if  it  reached  the  bole  in  2  years  from  an  infection  on 
needle  infected  in  its  first  year.   Since  second-year  stem  needles  are  assumed  to 
op  immediately  after  infection,  only  first-year  needles  can  have  infection  and 
5t  infection  from  these  needles  should  reach  the  bole  in  2   years,  the  value  of  3 
s  selected.   This  number  is  used  to  calculate  the  circumference  of  the  bole  so 
at  girdle  time  can  be  calculated.   The  infection  is  considered  to  be  a  point  on 
e  bole  when  the  infection  is  2  years  old.   We  know  this  is  not  completely  accurate 
t  we  have  no  data  with  which  to  model  otherwise. 

The  second  general  formulation  pertains  to  cankers  that  formed  on  branches.   So 

TGIRD2(A,B,C,L1,H,F)  = 

rfO.042- (A-B+Cl-A-1.14))/A-1.40r)/n-r.)  +3  +F 


ere 


A  =  CTH 

B  =  PTH(INDX) 

C  =  CLP 

D  =  PER 

E  =  TCGR 

P  =  BGP 
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The  circumference  is  determined  by  the  following  scheme  for  both  stem-needle 
and  branch-needle  cankers,  where 

1.  Bole  is  a  perfect  cone, 

2.  D.b.h.  is  measured  at  1.4  m, 
CTH  -  1. 14 


3.  D.b.h.  -    75_5g 

4.  Circumference  =  2vt. 


(Deitschman,  Glenn  H.  unpublished), 


(27) 


5.   Solve  for  similar  right  triangles  (fig.  49). 


Figure  49. --Family  of  right  triangles 
solved  to  simulate  circumference  of 
a  Pinus  montlcola   stem  at  the  point 
of  entry  of  a  Cronartium  ribicola 
bole  canker. 


PTH(x) 


a_  _  £ 
b  "  d 

where 


b  = 


ad 


a  =  CTH-PTH+CLF, 

b  =  radius  in  meters  at  point  of  rust  entry, 


c  =  CTH  -  1.4, 

CHT  -  1. 14 
2  *  75.59 


=  radius  at  b.h. 


6.   CLF  =  Crown  length  factor. 

CLF  is  defined  as  the  average  distance  from  top  of  tree  at  time  of  infection  to 
point  where  branch  canker  and  stem  needle  canker  will  enter  the  bole  and  is  a  function 
of  the  height  at  time  of  infection  and  growth  rate  of  the  rust.   We  will  continue 
the  discussion  of  CLF,  but  please  keep  in  mind  tliat  this  value  is  used  to  compute 
TGIRD2,  not  TGIRDl.   This  point,  defined  as  the  distance  down  the  bole  from  the  tip 
of  the  crown,  is  determined  as  follows.   The  basic  target  we  are  concerned  with  is 
the  lethal  crown  cap  as  will  be  discussed.   This  is  the  portion  of  the  crown  where 
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e  stem  needles  are  located  and  is  where  the  branches  arc  short  enoii^li  that  branch 
nkers  can  reach  the  bole.   Iu|uation  (20)  provides  the  length  of  the  letlial  crown 
p  as  a  function  of  tree  lieiglit  and  fungus  growth  rate.   We  will  assume,  based  on  a 
bjective  evaluation  of  the  distribution  of  needles  within  the  cap,  that  the  most 
kely  point  of  bole  penetration  is  two-thirds  of  the  wa>-  down  tlie  bole  in  the 
thai  crown  cap.   Thus, 

CLF  =  0.bbU0.24*FER)*PTH(x)  +  O.b) 

^  ,CTH-1. 14 

„.     r                    ^         ■    ^       r        ^             2    T\    (CTIl-I^TH(x)+CLF)  '^   151.2   ' 
Circumference  at  point  of  entry  =  ^= ^-  - 


CT1I-I.40 

ich  reduces  to: 

^.     ,-  .     ^-         0.042rCTH-rTHfx)+CLFl  (CTH-l.  141 

Circumference  at  point  of  entry  -   ^^ ■  ■  ■ — ttt-^— '■ — 

C  1 11  -  1  .  4  U 

ere  the  variables  have  been  previously  named.   The  ec|uation  in  the  case  of  stem- 
edle  infections  is  as  above  minus  CLF.   The  net  fungus  encirclement  rate  determines 
e  girdling  period.   Thus, 

,,         ...  Circumference  of  bole  at  entry  point 

I  ears  to  girdle  —   ■ ■  '  ^ 

Tree  circumference  growth  rate  -  Fungus  encirclement  rate 

d  the  equation  is: 


TGIRDl 


(0.042(CTH-PTH) (1)) (CTH-1. 14 

CTH-1.  40 

PER- I  0.  000325.^5  ITE-0.  001  25) 


ere 


I  =  INDX  which  was  previously  discussed, 

SITE  =  index  of  site  quality, 

FER  =  fungus  encirclement  rate,  an  external  variable, 

0.00525*SlTE-0. 00125  =  TCGR  =  Tree  Circumference  Growth  Rate. 

e  equation  for  TCGR  was  derived  from  a  regression  of  tree  height  on  diameter 
eitschman,  Glenn  II.,  unpubl ished ,  this  Station).   Since  the  rate  of  diameter  growth 

about  the  same  at  different  lieights  in  a  tree  (Chapman  and  ^1e>'er  1S^49),  we  assumed 
at  the  rate  of  increase  in  circumference  at  breast  height  was  eciual  to  the  rate  of 
crease  anywhere  else  on  the  bole.   That  the  rate  of  circumference  increases  as  a 
nction  of  SITE  was  derived  by  multiplying  d.b.h.  at  50  \-ears  as  determined  b\' 
uation  (27)  by  tt  and  dividing  the  result  by  50  years  for  SITE  =  50,  70,  and  00. 
en  plotted,  the  result  conformed  to  the  linear  ecjuation: 

TCGR  =  0.00525*SITE-0. 00125 


ere 


TCGR  =  tree  circumference  growth  rate  in  meters  per  year, 

SITE  =  height  in  feet  at  50  years  of  age. 

In  the  case  of  flow  (58-*59j,  the  lengtli  of  time  that  the  tree  reniains  in  X(5S) 
set  Dy  the  computation  of  TGIROl,  which  in  this  flow,  is  the  time  re(|uired  to 
mplete  the  girdling  process.   But,  infected  western  white  pine  live  an  average  of 
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5  additional  years  after  girdling  before  death  occurs  (Hungerford,  R.  D., unpublished, 
this  Station).   Thus,  trees  are  retained  in  X(38)  for  girdle  time  +  5  years.   This 
"storage"  function  is  accomplished  by  indexing  the  number  of  trees  flowing  from 
X(37),  labeled  (TEM37B) ,  into  an  array  at  point  TGIRDl,   Each  element  of  the  array 
is  then  stepped  up  1  year  each  cycle.   At  the  end  of  TGIRDl  years,  the  number  of 
trees  in  the  top  slot  is  advanced  to  X(39)  or  the  trees  "die." 
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A  simulation  of  white  pine  blister  rust  is  described  in 
both  word  and  mathematical  models.   The  objective  of  this 
first  generation  simulation  was  to  organize  and  analyze  the 
available  epidemiological  knowledge  to  produce  a  foundation 
for  integrated  management  of  this  destructive  rust  of  5-needle 
pines.   Verification  procedures  and  additional  research  needs 
are  also  discussed. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  Icnowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  miUions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation    with   Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 


This  paper  presents  10  years  of  phenoloqical  observations  of 
cominon  forest  flora  of  the  Northern  Rockies.   Descriptions  of 
important  phenological  events  and  earliest,  latest,  and  averacje 
dates  of  their  occurrence  are  included.   Phenological  data  were 
collected  on  many  National  Forests,  as  well  as  Yellowstone  and 
Glacier  National  Parks,  at  more  than  40  locations  ranging  from 
eastern  Montana  to  northern  Idaho.   Summaries  include  50  forest 
species--13  conifers,  22  hardwood  trees  and  shrubs,  and  15  herba- 
ceous plants.   Six  summary  tables  are  used  to  stratify  the 
phenological  information  for  the  above  three  vegetation  groupings 
both  east  and  west  of  the  Continental  Divide.   This  phenological 
information  has  the  potential  for  much  practical  application 
where  timing  of  events  such  as  leafing,  pollination,  cone  opening, 
and  others  are  key  to  scheduling  specific  management  and  research 
activities . 
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INTRODUCTION 

Phenology--many  foresters  and  hotanists  talk  about  it,  but  feu  do  aiuthiiiL'.  aluuit  it. 
Perliaps  it  has  been  a  function  of  low  demand,  difficult}-  of  makiiii;  meaningful  measurements, 
failure  to  see  its  application,  or  a  host  of  other  reasons.   Unfortunate  1  >■ ,  much  of  tJK'  |iheno- 
logical  data  collected  have  been  for  specific  and  immediate  jnirjioses,  such  as  range  condition 
or  fire  danger.   Little  has  been  published  national!)'  or  in  tlie  Northern  Ri)ckies.   Although 
some  phenology  information  is  availal)le  for  the  Northern  Rockies,  no  compi-i_'i>ens  i\'e  data  for  the 
mountain  forest  flora  have  been  readily  available. 

The  mix  of  forest  uses,  priorities,  and  management  intensities  is  changing  in  the  Northern 
Rockies.   Lands  are  being  managed  for  an  increasingly  wider  range  of  resources,  retjuiring  a 
greater  breadth  and  depth  of  knowledge  about  vegetation.   y\s  a  result,  tlie  whole  vegetation 
complex  is  assuming  more  importance,  regardless  of  the  resource  values  being  featured  in 
management . 

Not  only  is  the  management  activity  itself  important,  but  in  many  cases,  the  timing  of  the 
activity  is  important.   This  is  not  something  we  recently  discovered.   R.  II.  Ueidman,  who  was 
primarily  responsible  for  this  study,  said  in  his  IISDA  Forest  Service  Northern  Rock}-  Mountain 
Forest  Experiment  Station  stud\'  ]ilan  of  1928: 

Knowledge  of  the  ]")henological  events  of  the  forest  are  essential  to  a  thorough 
understanding  and  organization  of  forestr_\'  operations.   It  is  pai't  i  cu  1  a  i- 1  \-  desirable 
to  know  the  time  of  leafing  and  pollination,  the  time  of  cone  opening  and  seed 
dispersal,  the  time  that  diameter  and  leader  growth  commences  and  ends.   It  is, 
moreover,  as  important  to  know  tlte  time  that  seed  germinates  in  natural  locations 
as  in  nurseries.   To  properl}'  iniderstand  inf lammabilit}'  conditions  in  connection 
with  fire  protection,  it  is  important  to  know  also  vv'hen  shrubs  become  succulent, 
when  the  principal  ]ierennials  cover  the  groinid,  and  when  the\-  wither  and  die. 

The  i)ractical  value  of  phonological  observations  has  long  been  recognized  in 
grazing  management  to  determine  range  readiness  and  other  matters.   The  forest 
pathologist  and  the  forest  entomologist  have  to  correlate  the  seasonal  development 
of  host  jilants  with  the  behavior  of  the  rust  or  insect  parasite. 

Now,  because  of  broadening  management  and  research  perspectives,  demand  is  accelerating 
for  information  concerning  phenology  of  forest  species  found  in  the  Northern  Rockies.   We  have 
had  to  search  the  archives  in  attempts  to  find  the  data.   The  archives  we  liave  looked  to  most 
frequently  are  an  extensive  set  of  jihenological  data  collected  on  forest  lands  in  the  Northern 
Rockies  from  1928  to  1937. 

f      For  various  reasons,  these  data  were  never  ])ublished  and  few  people  are  aware  tlu')'  even 
exist.   We  feel  that  even  though  the  collection  period  overlajiiied  the  Roaring  2()'s  and  the  (ii'cat 

:  Depression,  the  research  is  just  as  valuable  now  as  then.   Computational  techni(|ues  not  a\'ail- 

i  able  at  the  culmination  of  tlie  study  in  1937  now  make  it  jiossible  to  make  the  data  more 

j|  meaningful  than  practicably  possible  at  that  time. 

I 

I  Many  phenological  studies  in  this  century  have  attempted  to  relate  phonological  evtMits  to 

various  meteorological  data.   Fire-weather  records,  mainly  temperature,  were  available  for  man\' 
of  the  locations  used  for  the  1928  to  1937  phenological  data.   Lllison'  attempted  to  link  the 
weather  and  phenology  data,  but  liis  results  were  disappt)  int  i  ng  in  that  no  real  meaningful 

I  I'elationships  were  detected. 

As   a   result,    we   decided   to   present   what   we    feel    are   the    strengtlis   of   the    sttid>--st  ra  i  ght - 
forward   summaries   of   the   data    including   earliest,    latest,    and   average   dates,    as   we'll    as    stamlard 
errors    (in   days)    for  phenological    events    in   the   Northern    Rockies.      We   attemptei!    no    fui-ther 
!  analyses   of  weather-phenological    relationships. 


The   report    of  Ellison's   analyses    is   on    file   at    the    Int ermounta in    Fdrest    and    Range    Lxperi 
ment   Station,    Forestry   Sciences    Laboratory,    Bozeman,    Montana. 

1 


METHODS 
Study  Areas 

In  1928,  44  phenological  observation  stations  were  established  throughout  Montana  and 
northern  Idaho,  expanding  to  46  in  1929.   These  included  stations  on  18  National  Forests,  at 
Savenac  Nursery  in  western  Montana,  Priest  River  Experimental  Forest  in  northern  Idaho,  and 
Yellowstone  and  Glacier  National  Parks.   Geographically,  they  ranged  from  the  Custer  National 
Forest  in  eastern  Montana  to  the  Kaniksu  National  Forest  in  northwest  Idaho,  an  east-west 
distance  of  about  700  air  miles  (1  100  km).   Elevationally ,  they  averaged  about  3,200  ft 
(975  m)  and  ranged  from  2,200  to  4,150  ft  (670-1  265  m)  west  of  the  Continental  Divide.   East 
of  the  Divide  the  average  was  about  5,300  ft  (1  615  m)  with  a  range  of  3,200  to  6,750  ft  (675- 
2  060  m) .   By  1930,  35  of  these  stations  were  still  reporting.   According  to  Weidman,  "Due  to 
the  need  for  relief  of  ranger  work  loads,  observations  were  abandoned  on  12  forests  between   i 
1932  and  1934."  The  number  of  stations  was  reduced  again  in  1935,  but  a  concentrated  effort 
remained  to  maintain  some  vegetative  stratification  in  the  white  pine  type  (figs.  1,  2),  the 
ponderosa  pine  ty})c  (fig.  3),  the  larch-fir  type  (fig.  4),  and  the  lodgcpole  pine  type  (fig.  5) 
By  the  last  year  of  this  study,  1937,  observations  were  still  being  conducted  on  the  Bitter- 
root,  Clearwater,  Gallatin,  Flathead,  and  St.  Joe  Forests,  and  at  Savenac  Nursery,  Priest  River 
Experimental  Forest,  Deception  Creek  Experimental  Forest,  and  Yellowstone  National  Park. 

As  shown  in  figure  6,  the  phenological  stations  were  not  only  widely  dispersed  geograph- 
cally,  but  also  fairly  well  distributed. 

Data  Collections 

As  many  as  16  different  phonological  events  were  recorded  at  the  outset  of  the  study  in 
1928.   During  the  next  10  years  this  was  gradually  reduced  to  the  more  meaningful  and  measur- 
able events--10  events  in  the  conifers,  9  in  the  hardwood  trees  and  shrubs,  and  11  in  the  herbs 
Included  were  events  such  as  bud  burst,  pollen  shedding,  seed  fall,  leaf  fall,  and  others. ^ 

At  each  phenological  station,  conifers,  hardwood  trees  and  shrubs,  and  herbaceous  plants 
common  to  the  locality  were  measured  phenologically .   In  1928,  sampling  included  12  conifers, 
16  hardwood  trees  and  shrubs,  and  14  herbaceous  species.   As  discussed  later,  this  list  was 
expanded  during  the  following  10  years.   Some  stations  had  few  species,  and  some  had  many,  but 
none  had  all  of  the  above  combination  of  species  represented. 

Phenological  stations  were  established  near  ranger  or  other  forest  headquarters  occupied 
during  the  growing  season,  near  a  wcatlier  station,  and  in  a  spot  "representative"  of  the  forest 
type  of  the  area.   One  or  more  persons  at  each  study  area  were  assigned  to  record  the  pheno- 
logical events  weekly  'by  species.   A  study  plan  by  R.  H.  Weidman  in  1928  detailed  the  methods 
for  all  phenological  stations,  serving  as  a  common  guide  for  all  observers.   Observers  selected 
were  to  be  "men  who  have  enough  practical  knowledge  of  botany  to  make  reliable  records,  and 
wlio  at  the  same  time  are  personally  interested  in  making  observations  of  this  sort."   In 
reality,  weekly  measurements  were  simply  not  possible  on  all  areas,  and  in  some  cases  a  whole 
season  was  missed  because  of  insufficient  staffing  or  higher  priority  work  schedules. 

Analysis  Methods 

In  1933,  Ellison  prepared  an  internal  report  of  the  results  of  5  years  of  data  from  six 
phenology  stations  in  forests  of  the  white  pine  type.   He  searched  for  relationships  to 
illustrate  "fundamental  principles  as  to  the  relation  of  vegetative  events  and  the  causal 
factors  of  air  and  soil  temperature."  He  felt  unsuccessful  in  this  effort.   As  a  result, 
nothing  was  published.   Subsequent  internal  discussions  and  reports  by  Watts,  Koch,  Haig,  and 
Weidman  pointed  out  that  the  "practical  usefulness  of  simply  knowing  earliest,  latest,  and 
average  dates  of  beginning  and  ending  of  vegetative  activities"  was  the  most  important  infor- 
mation from  the  study.   Again,  nothing  was  formally  published  and  interest  in  phenological 
studies  apparently  waned. 


^Sec  the  appendix  for  definitions  of  the  phenological  events  used  in  this  study 


igure  1 . --Phenological  observations  were  made  in  the  western  white  pine  (Pinus   monticola) 
I  forest  type.   This  picture,  taken  in  1929  on  Deception  Creek  Experimental  Forest  in  northern 
Idaho,  illustrates  dense  natural  regeneration  of  western  white  pine. 


Lgure  2 . --Phenological  observations  were  made  on  a  wide  variety  of  species  found  in  the  western 
white  pine  t)'pe.   These  included  wcsturn  uhito  jiine,  Douglas- fir  {  Pseuclotsu<!n    nianzicsii]  , 

jwestern  larch  (Larix  occidentalis) ,    western  hemlock  (Tsuga   hcterophqlla] ,    and  a  wide  variety 
of  understory  shrubs  and  lierbs  sliouai  in  this  1937  photo  in  northern  lilalio. 


Figure  3 . --Phenological  observations  were 
made  in  the  ponderosa  pine  [Pinus  pon- 
derosa)  forest  type.  This  picture,  tak 
in  1932  near  Greenough,  Montana,  illus- 
trates an  old-growth  ponderosa  pine  for 
with  some  Douglas-fir  understory. 


Figure  4 . --Phonological  observations  wer 
made  at  several  locations  in  the  exten 
sive  western  larch-Douglas-fir  forests 
of  the  Northern  Rockies.  This  picture 
taken  in  the  Kootenai  National  Forest 
area  in  northwest  Montana,  illustrates 
this  forest  t>p)e. 


.1 


<^ 


i!pi>t^'^f^;«f^iri',r'^*^^^ 


gurc  5  . --Phcnological  observations  were  made  in  the  loclgepole  ]nne  (Pinus   contorta]    type, 
illustrated  in  this  picture  taken  in  south-central  Montana.   Tree  species  included  lodgcpole 
pine,  subalpinc  fir  {Ahies   lasiocarpa)  ,    I:ngelmaim  spruce  {Picea    engelmannii)  ,    and  Douglas-fir 
{Pseudotsuga   menziesii] . 
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Increased    Liitcrest    in    the    seventies    promjited    us    to    I'esurreet     the   data    and    suiiinia  I'i  .  e    them 
in   a    form   that   u'e    feel    both   takes   advantage   of   the   strengths   of   the   data    and    puts    them    in 
usable    form.      As    suggested    b_\'    some   of   tlie    earlier   workers,    ue    extracted    t  hi'    eai'iiest,     latest, 
and   average  dates,    plus    standard   ei-rors,    of   the   jtheno  log  ica  1    events.       Because    not    all    stations 
were    read    for   the    whole    study   jieriod,    not    all    events    were    recordetl    ever\'    year    for   each    station 
and    because    some    stations   were   added   and    some   dropped,    a    uniform   data    base    was    nt)t    available. 
Sii    tiiat    at    least    some   data    could    be   suminariied    for   nearl\'   evL'r_\'   evLMit    foi'   every    species,     it 
uas    necessar)'   to    combine   data.      IVe    cliose    to    comliine   data    from    those    stations    east    of   t  he 
Continental    lUvidc   and   the   same    for   those   west    of   tlie    Divide. 


RESULTS 


Included  in  the  results  are  Si)  different  sjicc  ies--l  3  conifers,  22  shrubs  and  hardwoods, 
and  15  herliaceous  species.   Of  these,  7  conifers,  17  shrubs  and  hardwoods,  and  7  herbs  were 
common  to  and  were  measurei-l  on  both  sides  of  the  Continental  Divitle.   Of  course,  some  species 
occur  onl\'  west  or  east  of  the  Divide. 

The  number  of  observations  for  a  given  species,  east  or  west  of  tlie  Divide,  and  in  a  given 
phenological  event,  was  essentially  a  function  of  S]")ecies  abundance  and  distributions.   XuiDbers 
ranged  as  high  as  S2  observations  for  starting  date  of  lodgepole  pine  siioot  elongation  east  of 
the  Divide,  to  only  one  observation  for  several  event -spec ies-area  combinations. 


Two  main  geographic  areas  (east  and  west  of  tlie  Continental  Divide],  and  three  plant 
classes  (conifers,  liardwood  trees  and  sJirubs,  and  herbs)  are  used  to  stratif)'  the  data.   I'igure 
7  illustrates  the  sequence  of  phonological  events  for  two  comtiion  forest  species  of  the  Nortiiern 
Rockies.   Tables  1-h  document  the  average,  earliest,  and  latest  dates  and  tlie  standard  eri'or 
for  all  50  species. 
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Figure  7. --An  example  of  tlie  time  sequence  of  phenological  events  for  two  species  west  ol 

Continental  iUvide. 


the 


rable  1.  Phenological  observations  for  conifers  east  of  tlie  Continental  Divide  in  Montana  and  in  Yellowstone  National  Park,  1928    1937. 
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Shoots 

Bark 

buds 

full 

Cones 

Species 

slips 

start 

burst 

starts 

ends 

end 

sticks 

formed 

size 

open 

Wtf5  lasiocarpa 

Average  date 

May  22 

June  7 

June  14 

June  16 

July  4 

Aug.  4 

Aug.  30 

Aug.  7 

Aug.  29 

Aug.  30 

Earliest  date 

Apr.  15 

Apr.  29 

May  25 

May  20 

June  1 

June  24 

Aug.  2 

June  16 

July  30 

July  31 

Latest  date 

June  29 

July  21 

July  4 

July  10 

July  27 

Sep.  15 

Oct.  1 

Sep.  10 

Sep.  17 

Sep.  17 

Standard  error 

5 

5 

3 

8 

9 

4 

5 

6 

7 

8 

Number  of  observations 

15 

21 

20 

7 

7 

19 

17 

18 

6 

5 

lumper  US' 

Average  date 

May  15 

June  7 

June  4 

July  3 

July  14 

July  30 

Aug.  27 

July  4 

Aug.  8 

Earliest  date 

Apr.  25 

May  20 

May  20 

June  25 

July  10 

July  21 

Aug.  2 

June  20 

Aug.  1 

Latest  date 

May  27 

June  22 

June  26 

July  14 

July  20 

Aug.  5 

Sep.  10 

Aug.  1 

Aug.  16 

Standard  error 

5 

4 

3 

2 

2 

2 

4 

6 

4 

Number  of  observations 

g 

g 

10 

9 

7 

9 

8 

8 

4 

%ea  engelmanmi 

Average  date 

May  11 

June  12 

June  16 

June  17 

July  3 

Aug.  4 

Aug.  29 

Aug.  3 

Aug.  17 

Aug.  30 

Earliest  date 

Mar.  5 

Apr.  19 

May  21 

May  18 

May  30 

July  1 1 

July  28 

June  26 

July  19 

Aug,  18 

Latest  date 

June  7 

July  21 

July  14 

July  3 

July  20 

Sep.  13 

Oct.  1 

Sep.  17 

Sep.  5 

Sep.  21 

Standard  error 

4 

3 

2 

5 

5 

3 

3 

4 

4 

2 

Number  of  observations 

28 

38 

37 

14 

14 

34 

31 

32 

15 

14 

°//)(/5  alhicau/is 

Average  date 

May  24 

June  17 

June  14 

July  21 

Aug.  5 

July  27 

Sep.  12 

Aug.  24 

Aug.  13 

Sep.  5 

Earliest  date 

May  10 

June  1 

June  1 

July  21 

July  27 

July  14 

Aug.  30 

Aug.  14 

July  30 

Aug.  30 

Latest  date 

June  7 

July  21 

June  28 

July  21 

Aug.  14 

Aug.  14 

Oct.  1 

Sep.  20 

Sep.  17 

Sep.  17 

Standard  error 

14 

10 

5 

0 

9 

9 

10 

9 

12 

6 

Number  of  observations 

2 

5 

6 

2 

2 

3 

3 

4 

4 

3       \ 

'inus  contorta 

Average  date 

May  6 

May  16 

May  30 

June  17 

July  3 

July  22 

Aug.  18 

Aug.  3 

Aug.  19 

Sep.  3 

Earliest  date 

Mar.  18 

Mar.  18 

Mar.  18 

May  17 

June  1 

Apr.  6 

July  1 1 

June  6 

July  20 

July  18 

Latest  date 

June  7 

July  21 

June  28 

July  14 

July  27 

Sep.  18 

Oct.  1 

Sep.  19 

Sep.  25 

Oct.  31 

Standard  error 

2 

3 

2 

1 

1 

3 

3 

3 

2 

3 

Number  of  observations 

71 

82 

80 

74 

70 

75 

76 

69 

58 

55 

"inus  flexilis 

J 

Average  date 

May  14 

May  23 

May  27 

July  1 

July  12 

July  8 

Aug.  28 

July  3 

Aug.  16 

Aug.  27 

Earliest  date 

Apr.  28 

Apr.  30 

Apr.  30 

June  20 

July  4 

June  22 

July  21 

June  1 1 

Aug.  15 

Aug.  23 

Latest  date 

May  27 

June  6 

June  26 

July  14 

July  22 

Aug.  5 

Oct.  1 

Aug.  16 

Aug.  16 

Aug.  30 

Standard  error 

4 

4 

3 

7 

5 

5 

8 

8 

1 

4 

Number  of  observations 

10 

11 

14 

3 

3 

10 

11 

10 

2 

'      1 

°inus  ponder osa 

Average  date 

Apr.  28 

May  6 

May  24 

June  4 

June  17 

July  21 

Sep.  21 

Aug.  30 

Aug.  22 

Sep.  20 

Earliest  date 

Mar.  22 

Apr.  3 

Apr.  7 

May  10 

May  25 

Apr.  18 

July  30 

June  30 

Aug.  1 

Sep.  10 

Latest  date 

June  5 

June  20 

July  31 

June  23 

July  5 

Aug.  20 

Oct.  30 

Oct.  21 

Oct.  2 

Oct.  18 

Standard  error 

5 

4 

5 

3 

3 

6 

6 

10 

6 

4 

Number  of  observations 

24 

24 

24 

21 

21 

22 

19 

17 

11 

9 

°seudotsuga  memiesii 

Average  date 

May  3 

May  31 

June  5 

May  30 

June  13 

July  30 

Aug.  16 

Aug.  1 

Aug.  13 

Aug.  25 

Earliest  date 

Mar.  3 

Apr.  25 

May  10 

Apr.  15 

May  2 

July  1 

July  6 

June  1 1 

July  1 1 

July  26 

Latest  date 

May  31 

July  1 

June  22 

July  3 

July  25 

Sep.  21 

Oct.  1 

Sep.  15 

Sep.  15 

Oct.  14 

Standard  error 

3 

3 

2 

4 

4 

3 

3 

3 

3 

4 

Number  of  observations 

49 

55 

57 

40 

39 

52 

51 

48 

41 

40 

This  juniper  was  not  identified  at  that  time,  but  it  was  most  likely  Juniperus  communis. 


ble  2.  Phenological  observations  for  conifers  in  Northern  Idaho  and  west  of  the  Continental  Divide  in  Montana.  1928    1937. 


Species 


les  grandls 
iverage  date 

arliesl  date 
atest  date 
Itandard  error 
lumber  of  observations 


Bark 
slips 


Shoots 
start 


Buds 
burst 


Pollen 
starts 


Pollen 
ends 


Shoots 
end 


Bark 
sticks 


Winter 

buds 

formed 


Apr.  25 

Mar.  27 

May  17 

2 

42 


May  18 

Apr.  19 

June  25 

3 

39 


May  25 

Apr,  5 

June  1 1 

3 

35 


June  4 

May  1 

July  2 

5 

15 


June  20 

May  20 

July  14 

5 

14 


Aug.  3 

June  9 

Aug.  31 

4 

38 


Aug.  27 

July  15 

Oct,  2 

2 

39 


Aug.  14 

June  16 

Oct    11 

3 

35 


Cones 
full 
size 

Aug.  5 

July  7 

Aug,  26 

3 

23 


These  were  small  trees  at  2,300  ft  (700  m),  well  below  their  natural  range. 

Thuja  plicata  does  not  have  leaf  buds;  therefore,  bud  burst  and  winter  buds  formed  are  the  start  and  cessation  of  leaf  growth. 


Cones 
open 

Sep.  9 

Aug,  30 

Oct,  11 

3 

19 


les  lasiocarpa 

iverage  date 

May  5 

May  14 

May  26 

June  18 

June  27 

July  29 

Sep.  8 

Aug.  31 

July  30 

Sep.  18 

arliest  date 

Apr.  15 

Apr,   17 

May  10 

June  5 

June  1  1 

June  29 

Aug,  25 

July  30 

July   1 

Sep,  9 

atest  date 

June  6 

June  4 

June  8 

June  30 

July  10 

Sep.  2 

Oct   2 

Oct,  6 

Aug,  12 

Oct.  10 

itandard  error 

5 

4 

3 

5 

6 

7 

4 

6 

8 

7 

lumber  of  observations 

13 

12 

11 

5 

5 

11 

10 

10 

5 

4 

rix  occtdenlalis 

Iverage  date 

Apr.  26 

May  14 

Apr.  30 

May  20 

June  3 

Aug.  1 

Aug.  25 

Aug.  22 

Aug.  6 

Sep.  4 

arliest  date 

Mar,  12 

Apr,  10 

Mar   20 

Apr,  26 

May  10 

June  18 

July  15 

July  1 1 

July  2 

July  31 

atest  date 

June  3 

July  2 

June  1 1 

June  29 

July  14 

Sep,  6 

Oct.  2 

Oct,  11 

Sep,  11 

Sep,  30 

itandard  error 

3 

3 

3 

6 

7 

3 

3 

4 

4 

3 

Jumber  of  observations 

43 

40 

41 

14 

12 

40 

38 

35 

24 

22 

:ea  engelmannit 

\verage  date 

May  12 

May  18 

May  27 

June  1 

June  7 

Aug.  6 

Aug.  30 

Aug.  23 

Aug.  6 

Sep.  8 

iarliest  date 

Apr,  12 

Apr.  18 

May  5 

Apr   26 

May  12 

June  9 

July  23 

June  14 

June  20 

Aug    11 

.atest  date 

Oct.  2 

June  21 

July  10 

June  1 1 

May  12 

July  11 

Oct.  2 

Oct.  11 

Sep,  24 

Oct,  5 

Standard  error 

5 

3 

2 

6 

5 

7 

3 

4 

5 

3 

Jumber  of  observations 

47 

40 

40 

16 

15 

39 

36 

36 

23 

23 

lus  albicaulis^ 

Average  date 

Apr.  20 

Apr.  17 

May  4 

July  4 

Aug.  7 

June  27 

iarliest  date 

Apr,  6 

Apr.  6 

Apr.  18 

June  4 

July  26 

June  9 

.atest  date 

May  3 

Apr.  29 

May  21 

July  20 

Aug,  21 

July  28 

itandard  error 

6 

5 

7 

10 

6 

11 

\lumber  of  observations 

4 

4 

4 

4 

4 

4 

nus  contorta 

leverage  date 

Apr.  26 

May  4 

May  17 

June  6 

June  19 

July  27 

Aug.  24 

Aug.  14 

July  29 

Sep.  7 

::arliest  date 

Mar,  12 

Mar.  31 

Mar,  27 

May  1 

May  2 

May  31 

June  2 

May  31 

May  26 

Aug,  8 

.atest  date 

May  18 

June  13 

June  25 

June  23 

July  12 

Sep.  17 

Oct.  2 

Oct.  10 

Sep,  18 

Oct,  7 

Standard  error 

2 

3 

3 

2 

2 

4 

5 

6 

4 

3 

dumber  of  observations 

45 

44 

40 

38 

36 

47 

40 

42 

39 

29 

nus  nwnticola 

Average  date 

Apr.  28 

May  6 

May  21 

June  11 

June  28 

Aug.  11 

Aug.  10 

Aug.  13 

Aug.  1 

Sep.  8 

Earliest  date 

Mar.  12 

Apr.  5 

Mar,  27 

May  1 

May  2 

June  9 

June  1 

June  14 

June  10 

Aug.  1 

Latest  date 

June  6 

June  25 

June  21 

July  3 

July  20 

Oct.  21 

Sep,  21 

Sep,  30 

Aug.  26 

Oct.  2 

Standard  error 

2 

2 

3 

3 

3 

5 

5 

3 

3 

2 

Number  of  observations 

54 

53 

51 

38 

35 

49 

49 

49 

40 

37 

mus  ponderosa 

Average  date 

Apr.  24 

May  3 

May  11 

June  20 

June  30 

July  20 

Aug.  26 

July  29 

Aug.  17 

Sep.  5 

Earliest  date 

Mar.  12 

Apr,  6 

Mat,  27 

June  7 

June  20 

June  4 

July  10 

June  4 

July  7 

Aug.  15 

Latest  date 

June  20 

May  25 

June  25 

July  7 

July  17 

Aug.  21 

Oct.  2 

Oct.  6 

Sep.  16 

Sep,  16 

Standard  error 

4 

3 

6 

4 

4 

4 

5 

10 

6 

3 

Number  of  observations 

23 

23 

18 

7 

7 

21 

17 

19 

10 

11 

seudotsuga  memiesii 

Average  date 

May  2 

May  17 

May  23 

May  31 

June  14 

Aug.  10 

Aug.  12 

Aug.  19 

Aug.  6 

Sep.  13 

Earliest  date 

Mar.  15 

Apr.  5 

Mar,  27 

Apr,  20 

May  1 

June  1 1 

May  20 

June  10 

June  10 

Aug.  22 

Latest  date 

June  12 

June  29 

June  19 

July  2 

July  15 

Oct.  21 

Oct.  2 

Oct,  7 

Sep.  16 

Oct,  5 

Standard  error 

2 

3 

2 

4 

4 

5 

5 

4 

4 

2 

Number  of  observations 

53 

51 

50 

25 

24 

49 

47 

44 

32 

27 

huja  phcata- 

Average  date 

Apr.  21 

May  15 

May  16 

May  18 

June  2 

Aug.  2 

Aug.  8 

Aug.  7 

Aug.  15 

Sep.  16 

Earliest  date 

Apr.  1 

Apr,  25 

Apr.  20 

May  1 

May  20 

June  20 

July  2 

Aug,  1 

July  16 

Aug,  20 

Latest  date 

May  23 

June  5 

June  1 

May  28 

June  10 

Sep.  30 

Sep.  1 

Aug.  12 

Sep    10 

Oct,  12 

Standard  error 

3 

5 

9 

3 

4 

17 

5 

6 

4 

5 

Number  of  observations 

21 

8 

4 

8 

6 

5 

16 

2 

14 

11 

'suga  heterophylla 

Average  date 

Apr.  25 

May  11 

May  23 

May  18 

May  31 

Aug.  16 

Aug.  24 

Aug.  21 

Aug.  6 

Sep.  12 

Earliest  date 

Apr,  4 

Apr.  16 

Apr.  26 

May  3 

May  15 

June  6 

July  10 

June  1 1 

July  1 

Aug.  25 

Latest  date 

May  15 

June  22 

June  20 

June  1 

June  12 

Sep.  15 

Sep.  20 

Sep,  10 

Aug,  30 

Oct.  7 

Standard  error 

2 

3 

3 

3 

3 

4 

4 

4 

6 

4 

Number  of  observations 

30 

26 

25 

10 

10 

26 

28 

22 

10 

9 

Table  3.  Phenological  observations  for  hardwood  trees  and  shrubs  east  of  the  Continental  Divide  in  Montana  and  Yellowstone  National  Park,  1928    1937. 


Leaves 

Leaf 

Leaves 

Seed 

start 

Leaves 

Leaves 

buds 

full 

Flowers 

Flowers 

Fruits 

fall 

to  color 

begin 

fallen 

Species 

burst 

grown 

start 

end 

ripe 

starts 

to  wither 

to  fall 

withered 

Acer  glabrum 

Average  date 

May  6 

June  18 

May  19 

June  7 

Aug.  10 

Sep.  8 

Aug.  19 

Sep.  4 

Sep.  26 

Earliest  date 

Apr.  20 

May  25 

May  3 

May  15 

July  5 

Sep.  3 

July  20 

Aug.  7 

Aug.  28 

Latest  date 

May  20 

July  10 

June  8 

June  24 

Sep.  6 

Sep.  13 

Sep.  2 

Sep.  19 

Oct.  15 

Standard  error 

2 

3 

3 

3 

8 

3 

3 

3 

3 

Number  of  observations 

17 

16 

15 

15 

8 

3 

17 

17 

17 

AInus  incana 

Average  date 

May  19 

June  18 

Apr.  15 

May  6 

Aug.  3 

June  6 

Sep.  1 1 

Sep.  22 

Oct.  5 

Earliest  date 

Apr.  28 

June  1 

Mar.  9 

Mar.  20 

May  23 

June  2 

Aug.  12 

Aug.  18 

Sep.  20 

Latest  date 

June  10 

June  30 

May  16 

June  15 

Oct.  1 

June  9 

Sep.  21 

Oct.  2 

Oct.  25 

Standard  error 

3 

2 

8 

9 

14 

4 

4 

3 

3 

Number  of  observations 

17 

17 

10 

10 

11 

2 

10 

12 

12 

Amelanchier  ainifolia 

Average  date 

May  4 

June  8 

May  25 

June  5 

July  29 

Aug.  18 

Aug.  24 

Sep.  7 

Sep.  30 

Earliest  date 

Apr.  12 

May  15 

Apr.  15 

May  15 

July  10 

July  1 1 

July  23 

Aug.  13 

Sep.  5 

Latest  date 

May  29 

July  13 

June  18 

July  3 

Aug.  19 

Sep.  15 

Sep.  25 

Oct.  1 

Oct.  21 

Standard  error 

3 

3 

3 

3 

3 

7 

3 

3 

2 

Number  of  observations 

27 

27 

27 

26 

23 

8 

25 

24 

24 

Ceanothus  veluttnus 

1 

Average  date 

May  9 

June  26 

June  18 

June  29 

Aug.  3 

Aug.  10 

Earliest  date 

Apr.  20 

May  25 

May  12 

May  26 

July  20 

Aug.  10 

Latest  date 

June  1 

July  16 

Aug.  18 

Aug.  25 

Aug.  25 

Aug.  10 

Standard  error 

4 

6 

12 

12 

11 

0 

Number  of  observations 

10 

10 

8 

7 

3 

1 

Lonicera  mvobcrata 

Average  date 

May  18 

June  20 

June  13 

July  2 

July  21 

Aug.  21 

Sep.  25 

Earliest  dat;- 

May  6 

June  14 

May  30 

June  20 

July  1 1 

Aug.  16 

Sep.  20 

Latest  date 

May  29 

June  26 

June  26 

July  14 

July  30 

Sep.  1 

Sep.  27 

Standard  error 

7 

6 

5 

5 

3 

5 

2 

Number  of  observations 

3 

2 

6 

6 

6 

3 

3 

Lonicera  ulahensis 

Average  date 

Apr.  26 

May  31 

May  19 

June  8 

June  29 

Aug.  21 

Sep.  6 

Sep.  28 

Earliest  date 

Apr.  5 

May  15 

Apr.  30 

May  18 

May  6 

July  15 

Aug.  21 

Sep.  15 

Latest  date 

May  6 

July  1 

June  2 

June  20 

July  21 

Sep.  19 

Sep.  26 

Oct.  10 

Standard  error 

3 

5 

3 

3 

8 

6 

5 

3 

Number  of  observations 

12 

12 

12 

12 

9 

9 

9 

9 

Pachistima  myrsinites 

Average  date 

May  10 

June  17 

June  27 

July  18 

Aug.  7 

Aug.  29 

Sep.  2 

Sep.  18 

Oct.  18 

Earliest  date 

Apr.  30 

June  4 

June  20 

July  1 1 

Aug.  1 

Aug.  8 

Sep.  1 

Sep.  15 

Oct.  15 

Latest  date 

May  30 

June  29 

July  3 

July  26 

Aug.  17 

Aug.  10 

Sep.  3 

Sep.  20 

Oct.  22 

Standard  error 

4 

3 

2 

2 

2 

1 

0 

1 

2 

Number  of  observations 

8 

8 

8 

8 

8 

4 

4 

4 

4 

Physocarpus  malvaceus 

Average  date 

May  3 

June  18 

June  13 

July  6 

Aug.  4 

Aug.  17 

Aug.  9 

Aug.  24 

Sep.  25 

Earliest  date 

Apr.  6 

May  17 

May  22 

June  18 

June  16 

July  26 

July  1 

July  23 

Aug.  28 

Latest  date 

May  20 

July  20 

June  30 

July  21 

Sep.  9 

Sep.  18 

Sep.  19 

Sep.  26 

Oct.  26 

Standard  error 

2 

3 

2 

2 

4 

16 

3 

3 

3 

Number  of  observations 

23 

23 

24 

24 

24 

3 

24 

24 

24 

Populus  tremuloides 

Average  date 

May  16 

June  12 

May  1 

May  25 

June  10 

June  1 

Sep.  1 

Sep.  14 

Oct.  3 

Earliest  date 

Apr.  20 

May  20 

Mar.  15 

Apr.  10 

May  16 

May  21 

July  20 

July  23 

Aug,  7 

Latest  date 

June  5 

July  10 

June  2 

July  16 

July  26 

June  14 

Sep.  30 

Oct.  5 

Oct.  30 

Standard  error 

1 

2 

3 

5 

4 

4 

2 

2 

2 

Number  of  observations 

48 

46 

35 

29 

27 

5 

50 

49 

49 

Populus  trichocarpa 

Average  date 

May  14 

June  2Q 

May  11 

June  5 

July  2 

Sep.  10 

Sep.  23 

Oct.  14 

Earliest  date 

Apr.  28 

June  10 

Apr.  25 

Apr.  10 

May  17 

July  23 

Aug.  10 

Oct   5 

Latest  date 

May  29 

July  12 

June  4 

July  12 

July  19 

Sep.  19 

Oct.  3 

Oct.  22 

Standard  error 

3 

2 

3 

10 

7 

4 

4 

2 

Number  of  observations 

14 

14 

10 

10 

10 

14 

14 

14 
Table  3.  con. 
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Table  3.  con. 


Leaves 

Leaf 

Leaves 

Seed 

start 

Leaves 

Leaves 

buds 

full 

flowers 

Flowers 

Fruits 

fall 

to  color 

begin 

fallen 

Species 

burst 

grown 

start 

end 

ripe 

starts 

to  wither 

to  fall 

withered 

Prunus  virginiana 

Average  date 

May  2 

June  11 

June  4 

June  17 

Aug.  22 

Sep.  12 

Aug.  31 

Sep.  10 

Sep.  30 

Earliest  dale 

Apr,  10 

May  5 

May  14 

May  25 

Aug    7 

Aug,  23 

July  23 

Aug,  7 

Sep,  10 

Latest  date 

May  22 

July  3 

July  6 

July  ;5 

Sep,  15 

Sep,  29 

Sep   25 

Oct,  14 

Nov   26 

Standard  error 

2 

3 

3 

3 

3 

8 

2 

3 

3 

Number  of  observations 

27 

26 

26 

26 

17 

4 

27 

26 

26 

Sambucus  cerulea 

Average  date 

June  1 

June  28 

June  27 

July  16 

Aug.  22 

Sep.  20 

Earliest  date 

May  16 

June  22 

May  30 

June  22 

Aug,  13 

Sep,  20 

Latest  date 

June  20 

July  4 

July  20 

Aug,  10 

Sep.  3 

Sep.  20 

Standard  error 

10 

6 

8 

9 

5 

0 

Number  of  observations 

3 

2 

5 

5 

4 

1 

Shepherd/a  canadensis 

Average  date 

May  17 

June  25 

May  14 

May  29 

July  28 

Aug.  21 

Aug.  31 

Sep.  10 

Oct.  1 

Earliest  date 

Apr,  3 

May  20 

Apr.  10 

Apr,  30 

July  1 

Aug   5 

July  20 

Aug,  7 

Aug.  31 

Latest  date 

June  28 

Aug,  1 

June  20 

July  20 

Aug,  IB 

Sep    1 1 

Sep.  20 

Oct,  1 

Oct.  15 

Standard  error 

3 

4 

3 

3 

2 

6 

3 

2 

2 

Number  of  observations 

35 

34 

33 

33 

26 

6 

29 

29 

29 

Spiraea  betuliloha 

Average  date 

May  8 

June  22 

July  6 

July  24 

Aug.  20 

Aug.  30 

Aug.  20 

Sep.  2 

Sep.  24 

Earliest  date 

Apr,  15 

May  20 

May  25 

June  1 1 

June  28 

Aug,  14 

July  1 

July  23 

Sep,  9 

Latest  date 

May  29 

Aug.  15 

Aug.  5 

Aug,  22 

Sep.  1 1 

Sep    10 

Sep,  10 

Sep,  25 

Oct.  12 

Standard  error 

2 

4 

5 

4 

5 

4 

3 

3 

2 

Number  of  observations 

28 

27 

23 

24 

17 

6 

25 

24 

21 

Symphoncarpos  albus 

Average  date 

IVIay  6 

June  14 

July  4 

July  22 

Sep.  2 

Sep.  14 

Aug.  28 

Sep.  9 

Sep.  30 

Earliest  date 

Apr.  10 

May  17 

June  4 

June  10 

Aug.  7 

Aug.  16 

July  20 

July  23 

Aug.  28 

Latest  date 

June  7 

July  10 

Aug,  11 

Aug,  21 

Oct.  9 

Oct,  14 

Sep.  25 

Oct,  15 

Oct.  30 

Standard  error 

2 

2 

2 

3 

2 

6 

2 

2 

2 

Number  of  observations 

53 

53 

50 

46 

43 

8 

50 

50 

45 

Vacciniuni  scoparium 

Average  date 

IVIay  17 

June  12 

June  8 

June  26 

Aug.  7 

Aug.  13 

Aug.  30 

Sep.  10 

Sep.  28 

Earliest  date 

Apr,  30 

May  21 

May  1 

May  10 

July  22 

Aug,  3 

Aug,  17 

Aug,  22 

Sep,  2 

Latest  date 

June  20 

July  25 

July  4 

July  21 

Aug,  15 

Aug,  20 

Sep,  12 

Sep,  30 

Oct.  24 

Standard  error 

3 

5 

5 

5 

2 

2 

2 

2 

6 

Number  of  observations 

16 

15 

17 

17 

14 

6 

15 

14 

10 

^Ceanothus  velutinus  has  no  bud  scales.  "Shoots  Start"  would  be  a  better  term  than  "Leaf  Buds  Burst"  for  this  species. 
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Table  4.  Phenological  observations  for  hardwood  trees  and  shrubs  in  Northern  Idaho  and  west  of  the  Continental  Divide  in  Montana,  1928    1937. 


Leaves 

Leaf 

Leaves 

Seed 

start 

Leaves 

Leaves 

buds 

full 

Flowers 

Flowers 

Fruits 

fall 

to  color 

begin 

fallen 

Species 

burst 

grown 

start 

end 

ripe 

starts 

to  wither 

to  fall 

withered 

Acer  glabrum 

Average  date 

May  3 

June  6 

May  17 

May  29 

Aug.  6 

Sep.  9 

Aug.  28 

Sep.  15 

Oct.  12 

Earliest  date 

Apr.  5 

May  8 

Apr.  26 

May  5 

July  10 

Sep.  9 

June  12 

Aug.  18 

Sep.  20 

Latest  date 

May  20 

July  22 

June  4 

June  18 

Aug.  30 

Sep.  9 

Sep.  22 

Oct.  4 

Nov.  15 

Standard  error 

3 

4 

3 

4 

8 

0 

4 

3 

3 

Number  of  observations 

23 

23 

15 

14 

6 

1 

24 

22 

19 

AInus  incana 

Average  date 

May  7 

June  8 

May  15 

May  30 

Aug.  24 

Sep.  10 

Sep.  5 

Sep.  20 

Oct.  14 

Earliest  date 

Apr.  10 

May  1 

Mar.  20 

Apr.  15 

May  20 

May  25 

July  25 

Aug.  7 

Sep.  5 

Latest  date 

May  28 

July  28 

June  28 

July  10 

Oct.  20 

Dec.  16 

Oct.  15 

Oct.  21 

Nov.  1 

Standard  error 

2 

3 

4 

3 

5 

16 

3 

3 

2 

Number  of  observations 

42 

44 

37 

37 

30 

10 

43 

43 

37 

Amelanchier  alnifolia 

Average  date 

May  3 

June  1 

May  21 

June  5 

July  30 

Aug.  19 

Aug.  28 

Sep.  14 

Oct.  7 

Earliest  date 

Apr.  5 

Apr.  25 

Apr.  18 

Apr.  24 

June  25 

July  10 

June  20 

July  15 

Sep.  2 

Latest  date 

May  28 

July  15 

June  16 

July  1 

Sep.  10 

Sep.  30 

Oct.  2 

Nov.  11 

Nov.  1 1 

Standard  error 

2 

3 

2 

2 

2 

6 

3 

3 

2 

Number  of  observations 

56 

58 

50 

54 

52 

19 

58 

55 

49 

Ceanothus  velulinus 

1 

Average  date 

May  8 

June  7 

June  6 

July  12 

July  22 

Aug.  2 

Aug.  14 

Earliest  date 

Apr.  15 

May  21 

May  18 

June  5 

June  21 

Aug.  1 

July  2 

Latest  date 

June  6 

July  2 

June  20 

Aug.  18 

Aug.  5 

Aug.  5 

Sep.  26 

Standard  error 

5 

4 

3 

9 

6 

1 

43 

Number  of  observations 

8 

11 

10 

9 

7 

3 

2 

Lonicera  utahensis 

Average  date 

Apr.  29 

May  28 

May  11 

June  3 

July  3 

July  8 

Aug.  14 

Sep.  2 

Sep.  29 

Earliest  ;iate 

Apr.  1 

May  1 

Apr.  24 

May  5 

May  18 

June  12 

June  7 

July  2 

Aug.  2 

Latest  date 

May  28 

June  23 

June  22 

July  20 

Aug.  20 

Aug.  11 

Sep.  21 

Oct.  9 

Oct.  27 

Standard  error 

3 

3 

3 

4 

5 

7 

5 

5 

4 

Number  of  observations 

21 

22 

21 

23 

23 

9 

23 

24 

23 

Pachistima  myrslnites 

Average  date 

May  3 

June  3 

May  15 

June  7 

July  16 

July  27 

Aug.  30 

Sep.  17 

Oct.  6 

Earliest  date 

Apr.  12 

May  1 

Apr.  17 

Apr.  26 

May  5 

June  4 

June  7 

Sep.  1 

Sep.  1 5 

Latest  date 

June  1 

July  2 

June  24 

July  26 

Sep.  1 

Sep.  15 

Oct.  16 

Oct.  6 

Oct.  21 

Standard  error 

2 

3 

2 

3 

4 

11 

7 

3 

3 

Number  of  observations 

39 

41 

46 

44 

40 

13 

16 

14 

14 

Physocarpus  malvaceus 

Average  date 

May  7 

May  21 

June  10 

July  4 

Aug.  18 

Aug.  24 

Sep.  26 

Oct.  18 

Earliest  date 

Apr.  26 

May  7 

May  15 

June  16 

July  22 

Aug.  15 

Sep.  8 

Oct.  18 

Latest  date 

May  20 

June  1 

July  5 

July  25 

Sep,  25 

Sep.  1 1 

Oct.  12 

Oct.  18 

Standard  error 

4 

4 

8 

6 

12 

4 

10 

0 

Number  of  observations 

5 

5 

6 

6 

5 

6 

3 

1 

Populus  tremuloides 

Average  date 

May  9 

June  3 

May  30 

June  20 

July  9 

Aug.  6 

Sep.  10 

Sep.  25 

Oct.  15 

Earliest  date 

Apr.  15 

May  10 

Apr.  1 

May  12 

June  25 

July  28 

July  28 

Aug.  18 

Sep.  18 

Latest  date 

May  29 

July  13 

June  30 

July  12 

July  25 

Aug.  15 

Oct.  1 

Oct.  10 

Nov.  10 

Standard  error 

2 

2 

6 

4 

3 

9 

3 

2 

2 

Number  of  observations 

34 

36 

15 

15 

12 

2 

35 

29 

27 

Populus  trichocarpa 

Average  date 

Apr.  30 

May  30 

May  8 

June  3 

June  13 

June  26 

Sep.  14 

Sep.  25 

Oct.  14 

Earliest  date 

Apr.  20 

May  1 

Apr.  6 

Apr.  20 

June  2 

June  19 

Aug.  8 

Sep.  4 

Oct.  1 

Latest  date 

May  14 

July  13 

June  26 

July  19 

June  25 

July  2 

Sep  30 

Oct.  3 

Oct.  31 

Standard  error 

2 

5 

9 

13 

4 

6 

5 

3 

3 

Number  of  observations 

13 

13 

8 

7 

5 

2 

12 

10 

8 

Prunus  virginiana 

Average  date 

Apr.  29 

May  17 

May  19 

June  11 

Aug.  14 

Sep.  19 

Ssp.  15 

Sep.  28 

Oct.  14 

Earliest  date 

Apr.  15 

Apr.  16 

Apr.  1 

May  15 

June  25 

Aug.  18 

Aug.  20 

Sep.  15 

Oct.  2 

Latest  date 

May  8 

June  10 

June  16 

July  2 

Sep.  5 

Oct.  21 

Oct.  25 

Oct.  10 

Oct   26 

Standard  error 

2 

4 

4 

3 

5 

13 

5 

2 

2 

Number  of  observations 

14 

14 

15 

15 

14 

5 

15 

16 

14 

Table  4.  con. 

12 


Table  4.  con. 


Leaves 

Leaf 

Leaves 

Seed 

start 

Leaves 

Leaves 

buds 

full 

Flowers 

Flowers 

Fruits 

fall 

to  color 

begin 

fallen 

Species 

burst 

grown 

start 

end 

ripe 

starts 

to  wither 

to  fall 

withered 

Rubus  parviflorus 

Average  date 

May  12 

June  16 

June  19 

July  7 

Aug.  5 

Aug.  14 

Aug.  26 

Sep.  14 

Oct.  5 

Earliest  date 

Apr.  5 

May  12 

May  9 

June  16 

June  30 

July  15 

Aug.  1 

Aug.  21 

Aug   28 

Latest  date 

June  3 

July  20 

July  13 

Aug.  11 

Sep   3 

Aug.  27 

Sep.  30 

Oct.  1 

Oct,  23 

Standard  etror 

2 

3 

2 

2 

2 

3 

2 

2 

2 

Number  of  observations 

39 

40 

39 

41 

40 

15 

42 

38 

34 

Sambucus  cerulea 

Average  date 

Apr.  30 

June  4 

June  2 

June  28 

Aug.  21 

Sep.  18 

Aug.  31 

Sep.  19 

Oct.  12 

Earliest  date 

Apr.  12 

May  21 

May  16 

June  5 

Aug.  1 

Aug,  20 

Aug.  10 

Sep.  15 

Oct.  5 

Latest  date 

May  15 

June  21 

June  23 

July  15 

Sep.  2 

Oct.  2 

Sep.  26 

Oct.  5 

Oct.  16 

Standard  error 

7 

5 

7 

8 

7 

10 

8 

4 

3 

Number  of  observations 

4 

5 

5 

5 

4 

4 

5 

5 

4 

Shepherdia  canadensis 

Average  date 

May  19 

June  14 

May  15 

June  3 

July  9 

Aug.  13 

Sep.  11 

Oct.  4 

Earliest  date 

May  8 

June  2 

May  1 

May  26 

July  7 

July  26 

Aug.  7 

Sep.  22 

Latest  date 

June  3 

June  30 

May  28 

June  1 1 

July  12 

Sep.  3 

Oct.  5 

Oct.  13 

Standard  error 

6 

4 

7 

5 

1 

6 

8 

3 

Number  of  observations 

5 

6 

4 

3 

3 

6 

6 

6 

Spiraea  beiulifolia 

Average  date 

May  6 

June  7 

July  5 

July  26 

Aug.  20 

Aug.  25 

Aug.  26 

Sep.  15 

Oct.  5 

Earliest  date 

Mar.  20 

May  5 

June  8 

June  25 

July  15 

July  31 

Aug.  1 

Aug.  24 

Sep.  3 

Latest  date 

May  28 

July  5 

July  26 

Aug.  16 

Sep.  26 

Sep.  9 

Oct.  1 

Oct.  6 

Oct.  31 

Standard  error 

3 

3 

2 

2 

3 

6 

3 

2 

3 

Number  of  observations 

31 

31 

26 

27 

25 

6 

29 

26 

23 

Symphoncarpos  albus 

Average  date 

May  1 

May  29 

June  18 

July  19 

Aug.  25 

Sep.  20 

Sep.  2 

Sep.  14 

Oct.  10 

Earliest  date 

Mar.  20 

Apr.  28 

May  5 

May  15 

July  29 

Aug.  16 

July  2 

July  21 

Aug.  28 

Latest  date 

May  28 

July  15 

July  31 

Sep.  5 

Sep.  28 

Oct.  31 

Oct.  25 

Oct.  24 

Nov.  15 

Standard  error 

2 

3 

3 

3 

2 

5 

3 

3 

3 

Number  of  observations 

53 

55 

54 

54 

53 

18 

55 

50 

43 

Vaccinium  scopanum 

Average  date 

May  3 

May  26 

May  17 

June  2 

July  21 

Aug.  14 

Aug.  22 

Sep.  12 

Oct.  4 

Earliest  date 

Mar.  27 

Apr.  25 

Apr.  15 

May  15 

July  5 

Aug.  10 

July  3 

Aug.  13 

Sep.  5 

Latest  date 

May  28 

June  30 

June  12 

July  2 

Aug.  29 

Aug,  23 

Sep.  10 

Oct.  5 

Oct.  16 

Standard  error 

4 

4 

4 

3 

3 

2 

4 

3 

3 

Number  of  observations 

18 

19 

17 

18 

18 

5 

20 

17 

13 

^Ceanothus  velutinus  has  no  bud  scales.  "Shoots  Start"  would  be  a  better  term  than  "Leaf  Buds  Burst"  for  this  species. 
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Table  5.  Phenological  observations  for  herbs  (including  lowwoody  plants)  east  of  the  Continental  Divide  in  Montana  and  in  Yellowstone  National  Park,  1928    1937. 


Leaves 

Leaf 

Leaves 

Seed 

start 

Leaves 

Leaves 

First 

First 

buds 

full 

Flowers 

Flowers 

Fruits 

fall 

to  color 

begin 

fallen 

frost 

Species 

appearance 

burst 

grovun 

start 

end 

ripe 

starts 

to  wither 

to  fall 

withered 

injur) 

Achillea  millelolium 
Average  date 

Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


Apr.  30 

Mar.  30 

June  1 

2 

45 


June  21 

Mav  1 

July  24 

3 

47 


June  23 

May  30 

Aug.  2 

2 

43 


Aug.  2 

July  1 

Sep.  21 

3 

40 


Aug.  13 

July  3 

Sep.  24 

3 

41 


Aug.  19 

July  21 

Oct.  11 

4 

25 


Aug.  16 

July  12 

Sep.  25 

3 

41 


Sep.  1 1 

July  19 

Oct.  15 

3 

45 


Aug.  3 

Aug.  1 
Sep.  2 
3 
20 


Agropyron  spicatum 
Average  date 

Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


Apr.  14 

Mar.  25 

May  16 

3 

14 


June  20 

May  25 

July  27 

5 

14 


June  15 

May  15 

July  12 

4 

14 


July  9 

June  10 
July  23 

6 

7 


July  29 

June  15 

Sep.  12 

6 

14 


Aug.  5 

June  20 

Oct.  1 

12 

7 


Aug.  14 

June  23 

Oct.  1 

7 

12 


Sep.  8 

Aug.  1 
Oct.  15 

12 

12 


Sep.  ; 

Aug.  2 
Sep.  1 

7 
4 


Antennarla'' 
Average  date 

Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


May  8 

Apr.  5 

June  1 

3 

28 


July  2 

May  25 

Aug.  2 

4 

28 


June  21 

May  20 

July  20 

3 

26 


July  23 

June  5 

Aug.  10 

6 

13 


July  31 

June  10 

Aug.  21 

5 

24 


Aug.  4 

June  12 

Aug.  20 

5 

14 


Aug.  22 

July  1 

Sep.  16 

6 

12 


Oct.  5 

Aug.  13 

Nov.  1 

9 

10 


Sep.  3 

Sep.  1 

Sep.  7 

2 

4 


Arctostaphylos  uvaursi 
Average  date 
Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


June  8 

May  27 

June  22 

3 


Aug.  2 

July  21 

Aug.  15 

2 


May  30 

May  15 

June  20 

4 


June  1 1 

May  31 

June  30 

4 


Aug.  23 

May  25 

Sep.  25 

16 

7 


Oct.  16 

Oct.  16 
Oct.  16 

0 

2 


Arnica  cordifolla 
Average  date 

Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


May  13 

Apr.  15 

June  20 

2 

59 


June  14 

May  2 

July  13 

2 

61 


June  18 

May  6 

July  15 

2 

59 


July  12 

May  20 

Aug.  14 

2 

55 


July  23 

May  25 

Aug.  22 

2 

55 


July  26 

June  1 

Aug.  22 

3 

29 


July  25 

June  10 

Sep.  10 

2 

57 


Aug.  19 

July  6 

Oct.  1 1 

3 

56 


Aug.  IL 

Aug.  1 

Sep.  U 

4 

15 


Balsamorhua  sagittata 
Average  date 

Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


Apr.  26 

Apr.  3 

May  13 

3 

18 


June  4 

May  15 

July  2 

3 

16 


May  18 

Apr.  27 

June  18 

3 

18 


June  16 

May  15 

July  8 

4 

18 


July  7 

June  13 

Aug.  2 

4 

15 


July  15 

June  19 

Aug.  7 

5 

10 


July  17 

June  20 

Aug.  13 

4 

17 


Aug.  9 

July  25 
Sep.  16 

12 

17 


Sep.  3 

Sep.  1 
Sep.  4 

2 

2 


Berberis  repens 
Average  date 
Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


May  6 

Apr.  20 

May  30 

2 

25 


June  12 

May  15 

June  28 

2 

24 


May  28 

Apr.  28 

July  4 

3 

32 


June  22 

May  15 

Aug.  2 

4 

31 


Aug.  1 1 

June  23 

Sep.  15 

4 

22 


Aug.  9 

July  16 
Sep.  1 

6 

7 


Sep.  8 

Aug.  25 
Sep.  15 

n, 
5 


Sep.  20 

Sep.  17 
Sep.  24 

2 

4 


Oct.  15 

Oct.  10 
Aug.  18 

2 

4 


Calamagrostis  rubescens 
Average  date 

Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


May  6 

Apr.  6 

May  31 

2 

32 


June  22 

May  1 

July  12 

3 

29 


July  2 

May  10 

Aug.  10 

5 

23 


July  22 

June  24 

Aug.  18 

3 

11 


Aug.  6 

June  27 

Sep.  25 

4 

21 


Aug.  20 

July  29 

Sep.  25 

6 

12 


Aug.  21 

July  4 

Sep.  25 

3 

39 


Oct.  5 

Aug.  28 

Oct.  30 

3 

25 


Sep.  3 

Aug.  15 

Sep.  30 

3 

17 


Campanula  rotundttolta 
Average  date 
Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


June  20 

June  14 
June  26 

6 

2 


June  29 

June  20 
July  20 

4 

7 


July  31 

July  18 
Aug.  13 

5 

4 


Aug.  20 

Aug.  12 
Aug.  30 

3 

5 


Aug.  19 

Aug.  16 
Aug.  22 

2 

4 


Aug.  13 

Aug.  2 
Aug.  22 

6 

3 


Sep.  8 

Aug.  30 
Sep.  20 

5 

4 


Clematis  htrsutissima 
Average  date 
Earliest  date 
Latest  date 
Standard  error 
Number  of  observations 


May  3 

Apr.  11 
May  13 

3 

9 


June  9 

May  6 

June  29 

5 

9 


May  16 

Apr.  21 

June  10 

4 

10 


June  7 

May  25 

July  1 

3 

10 


July  10 

June  28 
July  21 

3 

9 


July  14 

June  28 
July  25 

4 

6 


July  21 

July  1 

Aug.  15 

5 


Aug.  13 

July  15 

Sep.  15 

8 

13 


Aug.  20 

Aug.  20 
Aug.  20 

0 

2 


Table  5.  con. 
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ible  5.  con. 


Leaves 

t 

Leaf 

Leaves 

Seed 

start 

leaves 

Leaves 

First 

1 

First 

buds 

full 

Flowers 

Flowers 

Fruits 

fall 

to  color 

beg 

in 

fallen 

frost 

1                   Species 

appearance 

burst 

grown 

start 

end 

ripe 

starts 

to  wither 

to  f 

all 

withered 

injury 

'llobium  anguslifoltum 

\verage  date 

May  21 

July  11 

July  16 

Aug.  9 

Aug.  19 

Aug.  20 

Aug.  25 

Sep.  9 

Aug.  29 

iarliest  date 

May  1 

May  16 

June  14 

July  15 

Aug.  3 

Aug.  3 

July  15 

July  20 

Aug.  5 

'.atest  date 

June  14 

Aug.  2 

Aug.  10 

Aug.  20 

Sep.  6 

Sep.  3 

Sep.  19 

Sep   30 

Sep.  10 

jtandatd  error 

2 

3 

3 

2 

2 

3 

2 

3 

2 

\lumber  of  observations 

33 

31 

29 

24 

21 

12 

31 

29 

15 

ythromum  grandiflorum 

\verage  date 

Apr.  30 

May  29 

May  12 

May  31 

July  5 

July  16 

June  24 

July  15 

iarliest  date 

Mar.  25 

Apr.  21 

Apr.  12 

Apr.  28 

May  18 

May  23 

May  10 

June  10 

.atest  date 

June  7 

July  6 

June  10 

June  25 

Aug.  14 

Aug.  16 

Aug.  14 

Sep  3 

jtandard  error 

2 

3 

2 

2 

4 

5 

3 

3 

dumber  of  observations 

41 

41 

42 

42 

37 

20 

39 

40 

'Stuca  idahoensis 

Average  date 

Apr.  24 

June  23 

June  30 

July  16 

Aug.  4 

Aug.  12 

Aug.  11 

Sep.  16 

Aug   27 

■arliest  date 

Mar.  15 

May  1 

May  12 

June  10 

July  2 

July  17 

June  25 

Aug.  1 

Aug.  16 

.atest  date 

May  25 

July  22 

Aug.  11 

Aug.  3 

Sep.  2 

Sep.  6 

Oct.  1 

Oct.  20 

Sep    16 

Standard  error 

3 

3 

4 

5 

3 

4 

3 

4 

3 

Number  of  observations 

36 

36 

27 

12 

26 

14 

36 

31 

11 

agana  vesca 

Average  date 

May  7 

June  8 

June  10 

July  5 

Aug.  3 

Aug.  12 

Aug.  29 

Sep.  24 

Earliest  date 

Apr.  20 

May  10 

May  10 

June  29 

July  21 

Aug.  1 

Aug.  5 

Sep.  1 

Latest  date 

May  17 

July  6 

June  24 

July  16 

Aug.  15 

Aug.  25 

Sep.  16 

Oct    16 

Standard  error 

3 

6 

6 

2 

7 

7 

7 

23 

Number  of  observations 

9 

9 

9 

9 

3 

3 

3 

2 

•nnaea  boreahs 

Average  date 

May  27 

May  21 

July  8 

July  8 

Aug.  4 

Aug.  13 

Aug.  18 

Sep.  9 

Sep. 

17 

Sep.  26 

Earliest  date 

May  5 

May  6 

June  7 

May  21 

July  20 

July  15 

Aug.  7 

Sep.  1 

Sep. 

17 

Sep.  26 

Latest  date 

May  29 

June  10 

Aug.  10 

Aug.  2 

Aug.  16 

Sep.  1 

Sep.  3 

Sep.  16 

Sep. 

17 

Sep.  26 

Standard  error 

7 

4 

5 

5 

3 

6 

4 

4 

C 

0 

Number  of  observations 

3 

8 

13 

14 

13 

7 

6 

4 

1 

1 

lyosotis  alpestns 

Average  date 

June  1 

June  10 

June  6 

July  5 

July  13 

July  15 

Earliest  date 

June  1 

June  10 

May  16 

June  28 

July  8 

July  15 

Latest  date 

June  1 

June  10 

June  20 

July  10 

July  15 

July  15 

Standard  error 

0 

0 

5 

3 

2 

0 

Number  of  observations 

1 

1 

6 

4 

4 

1 

The  species  was  not  identified  at  that  time,  but  it  was  most  likely  Antennaria  racemosa. 

Berbens  repens  leaves  fall  during  the  period  of  time  that  the  current  year's  leaves  develop.  The  dates  shown  here  are  likely  the  most  apparent  start  of  leaf  fall. 


Fable  6.  Phenological  observations  for  herbs  (including  low  woody  plants)  in  northern  Idaho  and  west  of  the  Continental  Divide  in  Montana,  1928  ■  1937. 


Leaves 

Leaf 

Leaves 

Seed 

start 

Leaves 

Leaves 

First 

First 

buds 

full 

Flowers 

Flowers 

Fruits 

fall 

to  color 

begin 

fallen 

frost 

Species 

appearance 

burst 

grown 

start 

end 

ripe 

starts 

to  wither 

to  fall 

withered 

injury 

Achillea  millefolium 

Average  date 

Apr.  19 

May  29 

June  12 

Aug.  6 

Aug.  19 

Aug.  27 

Aug.  31 

Sep.  23 

Sep.  14 

Earliest  date 

Mar.  15 

Apr.  23 

May  12 

July  14 

July  31 

July  31 

Aug.  5 

Sep.  4 

Sep.  1 

Latest  date 

(Vlay  12 

July  26 

July  29 

Aug.  28 

Sep.  15 

Oct.  2 

Oct.  5 

Oct.  12 

Oct.  5 

Standard  error 

3 

4 

3 

2 

2 

3 

3 

2 

3 

Number  of  observations 

32 

34 

33 

30 

30 

21 

31 

23 

10 

igropyron  spicatum 

Average  date 

Apr.  13 

May  19 

May  26 

June  12 

July  11 

July  24 

Aug.  23 

Jan.  27 

Oct.  1 

Sep.  7 

Earliest  date 

Apr.  1 

May  1 

May  15 

June  1 

July  1 

July  15 

Aug.  1 

Jan.  27 

Oct.  1 

Sep.  1 

Latest  date 

Apr.  25 

June  1 

June  2 

June  26 

Aug.  1 

Aug.  10 

Sep.  6 

Jan.  27 

Oct.  1 

Sep.  20 

Standard  error 

3 

3 

2 

3 

2 

3 

4 

0 

0 

4 

Number  of  observations 

11 

11 

11 

6 

11 

7 

11 

1 

1 

5 

irnica  cordifolia 

Average  date 

Apr.  21 

May  12 

May  11 

June  7 

June  15 

June  2 

July  5 

June  1 

July  17 

July  5 

Earliest  date 

Mar.  12 

Mar.  28 

Apr.  5 

Apr.  24 

May  10 

May  10 

May  16 

June  1 

June  4 

June  10 

Latest  date 

May  28 

June  25 

June  9 

Oct.  1 

Oct.  1 

June  26 

Oct.  15 

June  1 

Aug.  20 

July  30 

Standard  error 

7 

7 

6 

13 

12 

8 

11 

0 

7 

25 

Number  of  observations 

11 

13 

11 

11 

11 

6 

13 

1 

12 

2 

Salsamorhiza  sagtttata 

Average  date 

Apr.  20 

May  16 

May  10 

June  12 

July  14 

July  20 

Aug.  17 

Sep.  20 

Sep.  1 

Earliest  date 

Apr.  8 

May  2 

May  2 

June  1 

June  15 

July  10 

Aug.  1 

Aug.  16 

Aug.  5 

Latest  date 

May  2 

June  1 

May  16 

June  20 

July  16 

Aug.  1 

Aug.  25 

Oct.  5 

Sep.  21 

Standard  error 

2 

3 

1 

2 

3 

4 

3 

5 

8 

Number  of  observations 

10 

10 

10 

10 

10 

7 

10 

10 

7 

Serberis  repens 

Average  date 

May  2 

May  24 

May  6 

May  29 

Aug.  2 

Aug.  12 

Sep.  27 

Earliest  date 

Mar.  20 

Apr.  1 1 

Mar.  20 

Apr.  15 

June  21 

July  16 

Sep.  24 

Latest  date 

May  28 

July  1 

May  28 

June  16 

Sep.  1 

Sep.  14 

Oct.  1 

Standard  error 

4 

4 

3 

3 

3 

6 

2 

Number  of  observations 

23 

28 

29 

30 

30 

8 

3 

^alamagwstis  rubescens 

Average  date 

Apr.  19 

May  30 

May  30 

July  2 

July  14 

July  28 

Aug.  28 

Aug.  18 

Sep.  26 

Sep.  13 

Earliest  date 

Apr.  1 

May  5 

May  5 

June  1 

July  1 

July  18 

July  15 

Aug.  18 

Aug.  5 

Sep.  3 

Latest  date 

May  6 

July  15 

July  4 

Sep.  30 

Aug.  1 

Aug.  10 

Oct.  6 

Aug.  18 

Oct.  21 

Sep.  25 

Standard  error 

4 

5 

5 

12 

2 

2 

9 

0 

10 

3 

Number  of  observations 

9 

18 

18 

9 

17 

11 

14 

1 

8 

6 

'^irsium  arvense 

Average  date 

Apr.  25 

May  20 

June  16 

July  17 

July  31 

Aug.  8 

Aug.  30 

Sep.  14 

Sep.  1 

Earliest  date 

Apr.  10 

May  1 

May  1 

July  5 

July  20 

July  24 

Aug.  2 

Sep.  1 

Sep.  1 

Latest  date 

May  10 

June  1 1 

July  9 

July  29 

Aug.  2 

Aug.  18 

Sep.  23 

Sep.  24 

Sep.  1 

Standard  error 

5 

6 

8 

4 

5 

5 

6 

5 

0 

Number  of  observations 

6 

6 

7 

5 

5 

4 

7 

4 

1 

?lmtonia  uniflora 

Average  date 

May  10 

June  21 

June  16 

July  1 

Aug.  11 

Aug.  19 

Aug.  23 

Oct.  1 

Sep.  10 

Earliest  date 

Apr.  25 

June  1 

May  30 

June  15 

July  22 

Aug.  1 

Aug.  1 

Sep.  14 

Aug.  23 

Latest  date 

May  20 

July  2 

July  1 

July  25 

Aug.  26 

Aug.  31 

Sep.  1 

Oct.  7 

Sep.  24 

Standard  error 

2 

3 

3 

3 

3 

4 

2 

2 

4 

Number  of  observations 

13 

13 

15 

15 

14 

7 

14 

13 

8 

'^pilobium  angustilolium 

Average  date 

May  1 

June  12 

July  3 

Aug.  8 

Aug.  17 

Aug.  20 

Aug.  28 

Sep.  23 

Sep.  6 

Earliest  date 

Mar.  25 

May  3 

Apr.  30 

July  2 

July  20 

July  20 

July  15 

Aug.  28 

Aug.  16 

Latest  date 

June  4 

July  21 

Aug.  2 

Sep.  4 

Sep.  6 

Sep.  11 

Sep.  21 

Oct.  16 

Oct.  5 

Standard  error 

3 

4 

3 

2 

2 

3 

2 

2 

4 

Number  of  observations 

31 

34 

35 

35 

34 

23 

33 

30 

14 

'^rythromum  granditlorum 

Average  date 

Apr.  13 

Apr.  24 

Apr.  23 

May  14 

June  5 

May  22 

June  9 

June  24 

Earliest  date 

Mar.  5 

Mar.  20 

Mar.  12 

Apr.  8 

Apr.  22 

Apr.  28 

May  10 

May  15 

Latest  date 

May  5 

May  13 

May  15 

June  1 

June  29 

June  15 

Aug.  1 

Aug.  20 

Standard  error 

6 

4 

5 

4 

8 

10 

8 

8 

Number  of  observations 

10 

13 

14 

14 

9 

4 

13 

12 

iinnaea  borealis 

Average  date 

May  12 

June  18 

June  28 

Aug.  1 

Aug.  9 

Aug.  17 

Sep.  7 

Sep.  29 

Sep.  19 

Earliest  date 

May  4 

May  31 

June  17 

July  22 

July  18 

July  26 

Aug.  15 

Sep.  16 

Sep.  2 

Latest  date 

May  17 

July  1 

July  14 

Aug.  1 1 

Aug.  25 

Sep.  2 

Sep.  24 

Sep.  4 

Oct.  3 

Standard  error 

4 

6 

6 

3 

6 

6 

7 

4 

9 

Number  of  observations 

3 

5 

5 

6 

6 

6 

5 

4 

3 

ionicera  ciliosa 

Average  date 

Apr.  18 

May  15 

May  16 

June  20 

July  12 

Aug.  19 

Sep.  3 

Sep.  28 

Oct.  11 

Earliest  date 

Mar.  20 

May  2 

Apr.  8 

May  22 

June  7 

July  26 

Aug.  16 

Sep.  18 

Oct.  3 

Latest  date 

May  10 

May  25 

June  12 

July  18 

Sep.  9 

Sep.  12 

Sep.  16 

Oct.  11 

Oct.  16 

Standard  error 

5 

2 

7 

6 

10 

24 

4 

4 

4 

Number  of  observations 

10 

10 

10 

10 

8 

2 

8 

5 

3 

Trillium  ovalum 

Average  date 

Apr.  26 

May  14 

May  4 

May  28 

June  30 

July  7 

July  23 

Sep.  25 

Aug.  15 

Aug.  23 

Earliest  date 

Mar.  27 

Apr.  16 

Apr.  10 

Apr.  27 

May  4 

May  8 

May  27 

Sep.  25 

June  12 

July  30 

Latest  date 

May  23 

June  24 

June  1 

June  25 

Aug.  13 

Aug.  26 

Sep.  15 

Sep.  25 

Oct.  5 

Sep.  20 

Standard  error 

2 

3 

2 

2 

3 

5 

4 

0 

4 

6 

Number  of  observations 

38 

45 

44 

49 

46 

26 

46 

1 

44 

11 

16 


SUMMARY 

Our  object  has  bcL'n  to  present  a  useful  reference  for  both  research  aiui  iiianaj'.ement  acti\'- 
ities.   The  user  should  recognise  that  these  data  eiicomi)ass  variation  due  lo  location  and 
season,  as  well  as  experimental  error.   .'\s  an  exam])le,  in  some  cases  latest  "seed  I'a  1  1 "  dati- 
is  earlier  than  latest  "fruit  ripe"  date.   i'iie  user  should  alwax-s  examine  the  entire-  s]H'Ct  rum 
of  data  for  each  species.   i'lie  user  should  also  recognize  tliat  this  is  an  unusual  1\'  biniad  data 
base  encompassing  man}'  species  o\'er  a  broad  geographic  range  i"or  a  long_  period  ol'  time. 
Although  these  data  were  collected  40  to  5(1  _\'ears  ago,  ue  feel  the  results  are  as  valid  and 
useful  now  as  the\'  were  envisioned  at  tlie  outset  of  the  stud\-. 
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APPENDIX 

Follnuing   ;i  re    the   ori,uin;il    definitions   of   tlie    |)heno  1  o;.^  i  e.i  1    events    prox'itled    tlie    field 
obser\'ers   as    referenced    in    tables    l-o   of   tliis   papei'. 


[Mienoloii  i  eal    e\'ent 


Bark   slips 


(A'liino  sperms 


Oiiv;inal    definitions    provided 
tlie   observers    in    this    studx' 


Tlie   time   when   eaiiibia!    activit)'   eomiiienees    so   tliat    it    beeonies 
sliiii)'   and    tlu'   bark    readily    separates    from    t  Ik-   wood    as    it 
does   not    in    the   dormant    winter   period.      This    can   In-st    be 
testetl    In-   a    jaekknife   or   hand    ax,    but    do    not     injure    by 
re]ieated   barkin;^   the   trees,    which   must    be   obsei'ved    for 
several    \'ears. 


Shoots    start 


Buds  burst 


The  time  when  the  teiaiiinal  ImkI  bursts  or  commences  elonj',a- 
tion.   (^are  should  lie  taken  to  observe  the  averat'e  oi"  a 
group  of  small  trees. 

The  date  when  the  leaves  have  broken  through  tlu'  bud  scales 
and  show  green  but  have  not  }'et  straightened  out.   Avoid 
confusion  with  floiver  buds. 


Pol  1  en  starts 


Pollen  ends 


Shoots 


The  time  when  a  reasonable  amount  of  pollen  can  be  noticed 
on  shaking  tlie  branches;  in  i.lam]"i  ueather  a  ver_\'  clost' 
observation  would  be  necessarx'  to  Lletermine  wluai  the  pollen 
is  ripe. 

The  time  when  the  coniferous  flowers  liecome  so  old  that 
the\'  no  longer  liberate  ]iollen. 

More  difficult  to  obtain  than  the  coiimiencemeiit  of  height 
growth,  and  actual  measurements  recorded  in  the  note'book 
toward  the  end  of  S|iring  and  earl}'  summer  will  help  fix 
the  tlate  \\'lien  elongation  of  the  leader  stops.   Measure 
length  of  stem,  without  needles. 


^ark  sticks 


The  time  when  the  cambium  has  ceased  to  be  slim\'  and  the 
hark  does  not  readil}'  separate  from  the  wood  in  tt-sting 
with  knife  or  ax.   In  some  s]iecies  this  occurs  dui'ing,  the 
formation  of  summer  wood,  and  in  otliers  it  ma\'  be  indica- 
tive of  the  cessation  of  diameter  growth. 


Winter  buds  formed 


The  time  when  at  tin.'  tips  of  most  of  the  t  u  i  gs  completi-l}' 
formed  characteristic  wintei'  buds  are  in  evid^'iice. 


Cones  full  size 


The  time  when  the  cones  reach  tluir  mature  lenv.th. 
Occasional  coi'i])ar  i  son  with  old  cones  will  lu  Ip  t  hi- 
obsei'ver  . 


Cones  oiien 


The  date  when  sound  cones  begin  to  spreael  tlK-ii"  scales  and 
release  the  seed,  usual  1\'  ai"ter  the)'  ha\e  turned  bi'own  in 
color.   Insect  -  i  nfest  ed  coni'S  should  not  be  considei'ed, 
for  ill  some  cases,  the)'  ojien  abnormall)'  eai'l)'  ami  in  other: 
rcma  i  n  c losed . 
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Angiosperms 


Phenological  event 
I-irst  appearance 

Leaf  buds  burst 

Leaves  full  grown 


Original  definitions  provided 
the  observers  in  this  studv 


Flowers  start 


Flowers  end 


Fruits  ripe 


Seed  fall  starts 


Leaves  start  to 
color  and  to  wither 


Leaves  l:)egin  to  fall 


Leaves  fallen  withered 


First  frost  injury 


The  date  the  herbaceous  plant  first  breaks  through  the 
ground,  or,  in  the  case  of  perennials,  when  the  new  shoots 
from  the  root  collar  begin  to  make  visible  growth. 

The  date  when  leaves  have  broken  through  the  bud  scales 
and  show  green  but  have  not  yet  straightened  out.   Avoid 
confusion  with  flower  buds. 

Tlie  date  when  the  average  leaves  of  the  plant  observed 
reach  mature  size.   This  requires  the  observer  to  know  the 
size  of  the  fully  grown  leaf.   Occasional  measurements 
recorded  in  the  notebook  would  not  be  amiss,  or  comparison 
witli  last  year's  fallen  leaves. 

The  date  when  the  first  flowers  open  and  expose  their 
stamens  and  pistils,  or,  in  the  case  of  those  which  barely 
open,  the  time  when  the  anthers  shed  their  pollen. 

Tills  date  marks  the  end  of  the  flowering  period,  that  is, 
the  time  when  the  majorit}'  of  the  flowers  have  faded  or 
fallen. 

A  useful  index  of  the  maturity  of  tlie  seeds  of  plants  in 
which  there  is  a  distinct  difference  between  the  green  and 
the  mature  stage  of  the  fruits. 

The  date  when  the  seeds  begin  to  fall  in  considerable 
quantity  naturally  from  the  plant. 

The  time  when  general  coloring  of  the  foliage  commences; 
care  needs  to  be  exercised  to  discriminate  between  injured 
or  abnormal  leaves  and  the  normal  autumnal  coloring.   Tlie 
time  when  leaves  begin  to  dry  or  turn  brown  or  curl  up 
as  a  sign  of  the  cessation  of  life. 

The  date  when  a  considerable  fall  of  leaves  is  noted,  care 
being  taken  not  to  confuse  autumn  leaf  fall  with  leaf  fall 
due  to  shedding  of  leaves  on  inside  of  crovvm  or  due  to 
injur}-. 

The  time  when  autumnal  leaf  fall  has  reached  the  point  when 
the  trees  and  shrubs  are  pratically  bare  of  leaves. 

The  time  when  herbaceous  plants  are  first  colored  or 
withered  bv  frosts. 
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Includ.xi    are    records    for    :.0    species--!  5    conifers;,    L'.'    h.n-dwood 
trees    and    stirubs,    and    15    herb.iceous    pdants.       pl,enolo<i  b  a  1    data 
were    collected    from    eastern    Montaiia    'o    northern    7dali<.    on    many 
national    Forests    as    wll    as    Yellowstone    and    r;l,,ci-r    National 
Parks. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  23 1  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah    (in   cooperation    with    Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Bngham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 

The  volume  of  forest  residues  in  six  principal  forest  types 
in  Montana,  Idaho,  and  Wyoming  was  estimated  from  samples  in  mature 
stands  and  research  study  logging  units.   Forest  residues  include 
standing  and  down  dead  material  as  well  as  small  and  defective 
green  material  that  is  at  least  3  inches  (7.6  cm)  diameter  but  will 
not  meet  current  merchantability  standards  for  saw  logs.   The 
amount  and  condition  of  forest  residues  varies  widely  from  stand 
to  stand.   The  amount  remaining  after  harvest  also  depends  on 
utilization  standards  and  harvesting  techniques. 

Residue  volumes  ranged  from  1,300  ft^/acre  (90  m^/ha)  in  dry- 
site  Douglas-fir  to  3,700  ft^/acre  (260  m^/ha)  in  grand  fir.   One- 
third  of  the  residues  would  be  suited  for  roundwood  products  such 
as  posts,  poles,  or  house  logs.   In  total,  about  450  million  ft^ 
(13  million  m^)  of  residues  are  generated  through  logging  each 
year  in  these  three  States.   There  is  an  additional  10  to  2  5  tons 
per  acre  (22  to  56  t/ha)  of  tree  crowns  and  small  woody  material 
on  the  ground.   The  on-ground  material  can  be  important  to  the 
forest  as  nutrients,  wildlife  habitat,  microsite  influence,  or  as 
a  fire  hazard  following  logging. 
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INTRODUCTION 

Recent  years  have  seen  growing  interest  in  forest  res  idues--t  he  ui)od\'  uiatei'ial  that  is 
;ft  after  harvesting.   This  interest  stems  from  two  basic  concerns:  residues  as  a  source  of 
iditional  wood  fiber  at  a  time  of  dwindling  timber  sujiplies  and  the  vo\c   of  resiiha'S  in  the 
Drest  environment.   On  the  one  hand,  dead  trees  may  provide  habitat  ft)r  birds  and  small 
limals,  and  down  material  may  provide  protection  against  soil  erosion  and  in  the  [irocess  of 
cay  provide  essential  nutrients  to  the  site.   On  tlie  other  hand,  t  lie  pul)lic  dislikes  unsightl 
:cumulations  of  logging  debris,  and  dead  and  down  material  can  be  a  fire  hazard  or  impede 
3vement  of  wildlife. 

The  amount  and  characteristics  of  residue  material  vary  widely,  de]iending  on  stand  cendi- 
ions.   In  addition  to  the  large  live  trees,  a  tyi^ical  mature  stand  holds  small  suppressed  or 
efective  stems,  standing  dead  trees  of  various  sizes,  and  an  accumulation  of  down  matei'ial. 
f  the  stand  is  decadent,  the  amount  of  dead  and  rotten  material  may  be  high.   Insect  or 
isease  outbreaks  may  kill  a  large  proportion  of  the  stand,  leaving  large  volumes  of  standing 
nd  do\^m  dead  material  . 

This  report  summarizes  the  volume  and  characteristics  of  residues  in  mature  stands  of 
everal  principal  forest  t\q')es  in  the  Northern  Rocky  Mountains.   The  estimates  of  residue 
olumes  are  based  on  data  from  various  research  study  sites  plus  data  from  forest  inventories. 

The  data  base  used  in  this  report  is  limited  primarily  to  old-growth  stands  in  major 
orest  types.   These  were  of  first  priority  in  our  studies  simply  because  this  is  where  most 
f  the  harvest  and  logging  residue  problems  will  occur  during  the  next  few  years. 

The  purpose  of  this  report  is  to  serve  general  information  needs  for  broad-scale  resource 
ssessment  and  planning.   Any  given  forest  or  stand  may  vary  considerably  from  the  typical  or 
verage  stand  conditions  and  the  manager  may  require  specific  in-place  sttidies  to  meet  his 
eeds.   The  available  handbooks,  comptitation  facilities,  and  references  tiseful  in  assessing 
pecific  residue  situations  are  cited. 

DATA  SOURCES  AND  METHODS 

The  data  used  in  this  summary  have  been  gathered  from  three  principal  sources.   USDA 
orest  Service  statistics  were  used  for  forest  acreage  and  volume.^   National  forest  timber 
lanagement  data  were  used  to  describe  in  more  detail  the  forest  conditions  involved  in  the 
lead  timber  resource.'^  Research  and  administrative  studies  m  sjiecific  areas  ]n-ovided  detailed 
ascription  of  dead  timber  and  utilization  cliaracteristics . 

Although  there  is  wide  variation  in  residties  between  individual  stands,  these  data  should 
)e  reasonably  representative  for  mature  and  overmature  sawtimber  stands  of  various  forest 
':ypes . 

On  the  residue  study  sites,  volumes  of  standing  trees  were  determined  using  conventional 
rorest  survey  methods:  variable  plot  tally  for  larger  trees,  fixed  plots  for  smaller  trees, 
/olume  of  down  material  was  estimated  using  the  planar  intercept  techniqties  (Brouai  1974a). 
[n  addition,  standing  dead  and  down  material  was  evaltiated  for  piece  size,  product  jiotential, 
md  condition  bv  field  crews. 


^From  data  prepared  for  "Forest  Statistics  of  the  United  States,  1977,"  IISDA  I'orest 
service  1979,  by  the  Resources  Evaluation  Research  Work  Unit,  Intermounta  in  l-orest  and  Range 
experiment  Station,  Ogden,  Utah. 

Timber  management  plans  and  ADP  stimmary  statistics  printouts  on  file  at  IISUA  Forest 
Service,  Region  1,  Federal  Building,  Missoula,  Mont. 
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These  characteristics  were  then  applied  to  forest  types  to  derive  estimates  of  total 
residues.   Forest  types  are  the  principal  strata  used  for  describing  residues  because  specie 
amounts,  and  conditions  of  wood  are  most  closely  tied  to  forest  type,  and  managers  still 
basically  plan  their  harvests  on  the  basis  of  forest  types.   Physiographic  conditions,  habit 
types,  and  other  factors  may,  of  course,  influence  the  way  in  which  the  timber  is  harvested 
and  consequently  may  affect  residue  removal.   In  addition,  logging  methods  and  utilization 
standards  vary  between  different  locations  and  may  in  part  determine  residues  left  from 
harvesting . 

The  area  and  volume  of  wood  per  acre  for  the  forest  types  included  in  this  study  are 
shown  in  table  1.   The  volume  per  acre  from  the  residue  studies  data  is  greater  than  Nationa 
Forest  data.   This  is  because  we  have  defined  as  residues  any  material  3  inches  in  diameter 
larger,  other  than  the  merchantable  portions  normally  removed  in  harvesting.   This  includes 
small  stems,  tops  of  merchantable  trees,  cull  trees,  dead  trees,  and  dovsm  material.   In  cont 
most  forest  statistics  include  only  the  merchantable  portions  of  live  trees,  and  in  some  cas 
recently  dead  trees.   Data  sources  are  listed  in  the  appendix. 

Table  I. --Area   and   total    volume  per  acre,    sawtimber  stands,    selected   forest    types.    Northern 

Rocky  Mountains 


Area 


Volume 


Forest   ty]3e 


All 

sawtimber^ 


Mature 
sawtimber^ 


National 

Forest 

data'^ 


Residue 

studies 

data^ 


Douglas-fir 
Moist  site 
Dry  site 

Lodgepole  pine 

Larch 

Grand  fir  and 
associated 
species 

Alpine  fir 

Engelmann  spruce 


M  acres (M  ha) 

3,474.3(1  406) 
3,945.9(1  597) 

5,189.6(1  291) 

1,070.5(   433) 


M  acres (M  ha) 

2,432.0(   984) 
2,762.1(1  118) 

2,551.7(1  033) 

728. 8(   295) 


1,378. 1(  558)  1,102.5(  446) 
1,784. 1(  722)  1,784.1(  722) 
1,228.8(   497)     1,228.8(   497) 


Ft'^/acre(m^/ha) 

3,535(247) 
2,344(164) 

3,223(225) 

4,475(315) 

4,364(305) 
3,717(260) 
3,558(249) 


Ft^/acre (m^/ha. 

4,686(328) 
2,955(207) 

5,325(373) 

6,823(477) 

7,991(559) 
U, 158(291)1 


■^Ponderosa  pine,  white  pine,  and  cedar-hemlock  types  were  not  included  in  residue,  but 
acreage  data  for  sawtimber  is  available  in  "Forest  Statistics"  (see  footnote  1  in  text,  page 

^From  "Forest  Statistics"  data,  all  ownerships  (see  footnote  1  in  text,  page  1). 

^Estimated  for  all  ownerships  by  using  proportions  from  National  Forest  data. 
Compiled  from  National  Forest  data;  includes  only  wood  meeting  current  size  and  merchar 
tability  criteria  (appendix) . 

^Obtained  from  residue  studies  at  selected  points;  includes  all  woody  material  3-inch 
(7.62  cm)  diameter  and  larger  (appendix). 

Availability  of  residues  is  a  significant  factor  in  evaluating  their  use  potential.   In 
the  Northern  Rocky  Mountains  availability  of  timber  for  harvesting  depends  on  the  land-use 
plans,  and  for  much  of  the  area  this,  in  turn,  is  contingent  on  environmental  protection, 
endangered  species  habitats,  and  intensity  of  management  provided  for  in  resource  planning. 
Much  of  the  timber  management  and  land  use  planning  is  not  yet  complete.   In  this  report  we 
have  assumed  that  residues  will  be  recovered  primarily  in  conjunction  with  timber  harvesting 
schedules. 


RESIDUE  VOLUMES  IN  THE  MAJOR  FOREST  TYPES 

The  area  of  sawtimber  for  the  princijial  forest  types  included  in  this  stiui}-  totals  \b 
million  acres.   Of  this,  about  15  million  acres  are  mature  sawtimher,  most  1_\-  100  \-cars  or  more 
in  age.   A  portion  of  the  mature  sawtimber  is  actually  overmatui-e  or  decadent,  with  h  i  I'ji 
volumes  of  dead  and  defective  material.   Total  volume  of  wood  in  residue  stud>'  samples  ranged 
from  just  under  3,000  ftVacre  (210  mVha)  in  dr\--site  Oouglas-t'ir  to  nearly  S.OOO  ft  '/acre 
(560  m^/ha)  in  moist,  overmature  grand  fir  stands. 

The  volume  components  are  shown  in  table  2.   The  wide  range  in  total  volume  and  in  the 

proportions  of  each  component  affects  the  potential  for  utilization.  The  green-merchatit  ahl  e 
'category  mainly  includes  saw  log  and  veneer  log  portions  of  live  stem:^,  but  ;ilso  may  include 

recently  dead  trees.  The  definition  of  merchantable  and  the  top  diameter  limit  varies  some- 
iwhat  among  species.   Cull  portions  vary  considerably  from  stand  to  stand,  even  within  species. 

Cull  may  be  bucked  out  and  left  in  the  woods  or  brought  in  with  the  log,  depending  on  the  size 

and  kind  of  material . 


Tabl. 


-Volume  of  wood  by  component    in   mature   stands,    residue   study   areas'^ 


Component 


Forest  txqie 


Lodgepole 
pine 


Western 
larch 


Douglas -fir 


Moist  site   Dry  site 


Grand 
fir 


Spruce- 

a Ipine 

fir'' 


Volume,    ft    /acre 


Green  trees 

Merchantable  log 
Cull 
Top 

Small  stems 
Subtotal 

Standing  dead 
No  defect 
Sound  defect^ 
Solid  rot 
Crumbly  rot 
Subtotal 

Do  xm 

No  defect 
Sound  defect^ 
Solid  rot^ 
Crumbly  rot^ 
Subtotal 

Total,  ftVacre 
(mVha) 


2,225 

3 

,401 

1 

,546 

1 

,658 

4 

,283 

2,000 

119 

222 

354 

52 

564 

591 

457 

132 

105 

75 

208 

500 

244 

T 

663 

,418 

3 

527 
,512 

300 

r 

156 
,211 

580 

3,045 

1 

,  085 

5,071 

436 
291 

86 
30 

180 
49 

0 

24 

155 

139 

0 

493 
302 
911 

— 

36 
55 

320 

22 
0 

256 

68 

86b 

100 

280 

221 

356 

108 

267 

43 

281 

455 

310 

66 

52 

19 

7 

15 

213 

124 

137 

181 

509 

10() 

233 

1 

,196 

398 

527 

1 

,905 

2(>2 

1,112 

1 

,494 

854 

770 

- 

.500 

866 

5,023 

6 

,823 

4 

,686 

T 

,955 

7 

991 

1,  158 

(551 J 

(478) 

( 

328) 

( 

207) 

(. 

".59) 

(291) 

^Top  volumes  and  stem  volumes  for  small  trees  compiled  from  Faurot  (1977). 

^Breakdown  of  total  into  components  estimated. 

^Sound  defect  includes  crook,  sweep,  fork,  splits,  and  drying  checks  tliat  prevent  use  for 
solid  wood  products  but  not  for  fiber  use. 

^Solid  rot  includes  pieces  with  rot  but  that  can  be  handled  in  logging.   Crumbl)'  rot  is 
material  that  will  not  hold  together  in  logging. 
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The  volume  in  tops  of  merchantable  trees  (the  portion  between  the  merchantable  top  and 
3-inch  diameter)  and  of  small  stems  in  the  sawtimber  stands  also  vary.   In  some  trees,  such 
large,  mature  Douglas-fir,  the  top  bole  may  taper  very  quickly,  while  alpine  fir  usually  has 
long,  slim  "spear-like"  top  bole.   Similarly,  there  may  be  very  few  small  understory  stems  ii- 
some  dense  mature  sawtimber  stands;  or  small  stems  may  be  a  sizeable  part  of  the  volume  in 
mixed-age  stands  where  sawtimber  overstory  is  patchy,  such  as  the  Douglas-fir  stand  in  figure 


•\  pre 

ate 


jlf 


Figure  1 . --Mixed-age  Douglas-fir  and 
larch,  with  many  understory  trees 
that  contribute  to  residue  volume. 


DEAD  MATERIAL 

Dead  material,  either  standing  or  down,  comprises  the  largest  residue  component  of  matur > 
stands.   Dead  trees  accounted  for  one-fourth  to  more  than  one-third  of  the  total  volume  of 
stands  sampled.   Condition  of  dead  material  varies  among  forest  types,  as  shown  in  figure  2. 
Sound  dead  material  (with  no  defect  or  with  sound  defect)  ranges  from  only  11  percent  of 
standing  and  down  dead  material  in  grand  fir  to  70  percent  in  lodgepole  pine. 


FOREST  TYPES 

Pe 
1     40 

rcent 
30 

18 

12 

Lodgepole  Pine 

^1 

8  4    26 

62 

Western  Larch 

1 

fonditinn  ^l;^'^<;  ■ 

- 

38  9  15  38 

n    No  defect 

Douqlas-Fir 
(moist  sites) 

1 

B   Sound  detect 

5  1123  61 
11  <^    '' 

n   Solid  rot 

Douqlas-Fir 
(dry  sites) 

\ 

1    1    Crumbly  rot 

101    20 

69 

Grand  Fir 

1 

56    4  16  2 

4 

Engelmann 
Spruce  and 

1 

Alpine  Fir 

1         1 

1- 

-J 

J 
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TOTAL  VOLUME  DEAD  (FT'lACRE) 


Figure  2. --Volume  and  percentage 
of  dead  material  by  condition 
class,  principal  forest  types. 


The  utilization  potential  of  the  dead  material  also  varies  considerably.   Dead  stems  are 
susceptible  to  breakage  from  natural  factors  such  as  wind  and  during  falling  and  yarding 
ations.   Product  potential  of  dead  material  is  affected  by  whether  the  material  is  standing 
own  and  the  rapidity  of  decay  on  the  site.   The  condition  and  use  potential  for  dead 
rial  in  each  forest  type  is  discussed  below. 


Lodgepole  Pine 


Lodgepole  pine  is  one  of  the  largest  forest  types  in  the  Northern  Rockies  and  has  been 
ized  less  than  other  types.   Much  of  the  lodgepole  is  overmature  or  insect -ki 1  led ,  with 
e  numbers  of  dead  trees  in  many  stands.   Lodgepole  grows  at  high  elevations  on  cool,  dry 
s,  and  consequently  the  dead  material  does  not  decay  rapidly  (fig.  3). 


Figure  5 . --Overmature  lodgepole  pine.   Half  the  volume  is  dead  but  could 
be  used  for  house  logs,  posts,  or  fiber  products. 

Dead  trees,  both  standing  and  do\-m,    comprise  over  one-third  of  the  volume  in  mature  and 
mature  lodgepole  pine  stands.   Throughout  much  of  the  Northern  Rockies,  j^ersistent  dwarf 
letoe  infection  and  periodic  bark  beetle  epidemics  have  led  to  large  accumulations  of  dead 
rial.   In  northern  Idaho  and  northwestern  Montana,  lodgepole  has  often  succeeded  other 
ies  following  fires  and  some  of  the  dead  volume  is  remnant  of  an  earlier  stand  of  larch, 
las-fir,  or  other  species. 

Forty  percent  of  the  dead  material  was  merchantable,  with  no  defect  that  would  prevent 
use  for  roundwood  products.   Thirty  percent  liad  sound  defect  such  as  deep  checks,  breaks, 
rooks  that  would  prevent  use  for  roundwood,  but  not  for  chips  or  other  fiber  products. 
her  18  percent  contained  rot,  but  was  solid  enough  to  be  handled  in  logging,  and  would  l)e 
ed  for  fuel  and  possibly  some  fiber  products. 


In  virtually  all  areas  studied  the  percentage  of  rot  was  low  in  standing  trees.   Condi - 
of  down  dead  material  appeared  to  be  related  to  how  long  the  material  had  been  down,  how 
off  the  ground  it  rested,  and  general  climatic  conditions. 


utilization  potential  in  dead  timber  also  depends  on  piece  size.   Standing  dead  trees  i 
lodgepole  pine  are  generally  whole  or  with  only  small  lengths  of  the  top  broken  out.   Down 
timber,  however,  is  frequently  broken.   On  the  average,  the  sound  down  pieces  were  long  enou 
(9  feet  [2.7  m]  or  longer)  and  of  large  enough  diameter  (5  inches  [7.62  cm]  or  more)  to  be 
utilized  in  some  product  (table  ?>)  . 

Table  5 .--Number  of  sound  down   pieces   by   diameter  and   length  class,    selected   forest    types 


Length  and  diameter^ 


Lodgepole 
pine 


Forest  tynpe 


Western 
larch 


Douglas-fir 
moist  site 


)uglas-fi]i 


Doi 
drv   site 


.. 


Pieces  per  acre    (per  hectare) 


1  to  8  feet  long 

5  inches  and  larger  diameter 
9  to  18  feet  long 

3  to  6  inches  diameter 

6  inches  or  larger  diameter 

19  feet  and  longer 

3  to  6  inches  diameter 

6  inches  or  larger  diameter 


23   (57) 


49  (121) 
9   (22) 


28   (69) 
18   (44) 


18  (44) 


20  (49) 
4  (10) 


13  (32) 
10  (25) 


47  (116) 


34   (84) 
11   (27) 


28   (69) 
28   (69) 


5  (15) 


4  (10) 
2   (5) 


4  (10) 
2   (5) 


If 


Equivalent  metric  classes  are: 

1  to  8  feet  =  0.3  m  to  2.4  m 
9  to  18  feet  =  2.7  m  to  5.5  m 
19  feet  +  =  5.8  m  and  longer 


3  inches  diameter  and  larger  =  7.62  cm  + 
3  to  6  inches  =  7.62  to  15.24  cm 
6  inches  or  larger  =  15.24  cm  +. 


In  several  study  areas  the  potential  for  specific  roundwood  products  was  evaluated  (tabl 
4) .   A  fairly  large  number  of  products  could  be  recovered  from  lodgepole  pine  stands--on  the 
average  over  350  pieces  per  acre  (865/ha) ,  including  22  house  logs  and  41  saw  logs  per  acre. 

These  data  on  products  and  size  of  sound  pieces  indicate  the  potential  for  utilization, 
but  it  should  be  recognized  that  these  figures  vary  widely,  depending  on  stand  size  and  age, 
condition,  and  stocking.   For  example,  on  the  Targhee  National  Forest,  where  lodgepole  grows 
fairly  large  and  where  it  has  not  been  dead  very  long,  there  are  2  to  3  times  as  many  sound 
pieces  as  in  other  areas  where  overstocking  has  occurred  and  trees  have  been  dead  a  long  time 
A  study  made  on  the  Targhee  found  an  average  of  3  to  4  standing  dead  trees  per  acre  suited  fc 
transmission  poles,  in  addition  to  the  products  listed  above  (Tegethoff  and  others  1977). 


Western  Larch  and  Douglas-fir,  Moist  Sites 


The  Northern  Rockies  hold  extensive  fir-larch  forests  that  provide  much  of  the  timber 
harvest.   Larch  is  often  present  in  the  moist-site  Douglas-fir  stands  of  this  study.   Fir- 
larch  is  common  in  Idaho  north  of  the  Salmon  River  and  Montana  north  and  west  of  Missoula.   Ir 
the  larch  and  fir  stands  in  our  residue  studies,  larch  average  slightly  more  green  wood  volume 
than  the  Douglas-fir  stands  and  about  twice  as  much  dead  volume. 


;ihle    4 .  --Number   of  potential    products    from  standing  and   down   daac]   jjicces ,    selected    forest 

types 


roduct  and                 Lodgcpole                Western  Douglas-fir 

vpe   piece ^    pine larch moist  sites 

---------  Pieces  per  acre    (per   hectare)    -------- 


ouse  logs 
Standing  9  (22)  I       (2)  2         (Sj 

\K^\m  13   (32) 

au  logs 
Standing  21   (52)  3   (7)  7   (17) 

l>own  20   (49) 

orral  rails 
Standing  43  (lOb)  3   (7)  5   (12) 

Down  4b  (114) 

'ost  s 
Standing  36   (89)  1   (2)  2    (5) 

Mown  44  (109) 

'ulp  bolts 
Standing  51  (126)  30  (74)  57  (141) 

liown  75  (185) 

^Minimum  specifications  were: 

House  logs  -  9  inclies  (23  cm)  dia.,  8  feet  (2.4  m)  long,  no  crook,  sweep,  rot,  or 

checks  that  preclude  use  as  house  log. 
Saw  logs  -  6  inches  (15  cm)  dia.,  8  feet  (2.4  m)  long,  one-third  sound. 
Corral  rails  -  5  inches  (7.6  cm)  dia.,  10  feet  (3  m)  long,  reasonably  straight,  no 

rot  or  major  checks. 
Posts  -  3  inches  (7.62  cm)  dia.,  7  feet  (2.1  m)  long,  no  crook,  rot  or  major  checks. 
Pulp  bolts  -  3  inches  (7.62  cm)  dia.,  8  feet  (2.4  m)  long,  sound  enough  to  hold 

together  in  yarding. 


In  both  forest  types,  more  than  half  the  dead  material  is  rotten  and  only  about  one-third 
is  defect  free,  probably  because  of  more  rajnd  decay  than  in  lodgepole  pine  stands.  In  stand- 
ing dead  trees,  more  than  one-third  the  volume  is  rotten. 

Although  rot  was  common,  some  sound  pieces  could  potentially  be  recovered.   Most  of  the 
species  in  larch  and  fir  stands  are  not  normally  used  for  posts,  poles,  and  other  pi'oducts. 
Because  species  utilization  is  continually  changing  and  to  accurately  assess  the  residue, 
product  evaluations  were  made  for  all  material,  regardless  of  species. 

Unlike  lodgepole,  with  its  potential  for  many  high-value  products,  most  of  t  lie  dead 
[naterial  in  larch  and  fir  was  suited  only  for  pulp.   Tliis  wa^'  primarily  because  in  fir  and 
larch  stands  the  smaller  supjiressed  understory  trees  were  often  of  poor  form. 

The  condition  of  wood  and  potential  for  utilization  varied  considerably  in  mature  fii'  and 
larch  stands.   Often  three  or  four  age  classes  were  jiresent,  with  the  oldest  usual!  >■  deteri- 
orated and  the  youngest  fairly  vigorous.   For  example,  in  larch  stands  classed  as  high  risk 
sawtimber  there  was  three  times  the  volume  of  rotten  dead  and  cull  material  as  tliere  was  in 
the  low-risk  stands. 
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Douglas-fir  ,  Dry  Site 


A  portion  of  the  Douglas-fir  forest  throughout  Wyoming,  southwestern  and  eastern  Montar  ; 
and  southern  Idaho  was  designated  as  dry  site  Douglas-fir  in  this  study.   Generally,  wood 
volumes  were  lower,  there  was  less  understory  vegetation,  and  the  residues  were  somewhat 
different  than  in  Douglas-fir  moist  sites. 


The  volume  of  material  in  dry-site  fir  was  about  two-thirds  of  the  moist-site.   Pro- 
portionately, there  was  much  less  standing  dead  on  the  dry  site,  which  probably  reflects 
lighter  stocking  of  understory  trees  than  on  moister  sites.   The  volume  of  down  dead  material 
was  proportionately  greater  than  on  moist  sites.   On  drier  sites  the  down  material  remains   '^'• 
intact  longer  whereas  in  moist  sites  it  deteriorates  and  becomes  part  of  the  litter  and  duff 
layer  more  rapidly.   Down  material  on  these  sites  has  little  product  potential  except  for 
fiber  or  fuel . 


Grand  Fir 

The  data  for  the  grand  fir  type  were  taken  primarily  in  the  Horse  Creek  study  area  on  t 
Nezperce  National  Forest  in  Idaho,  with  some  additional  data  from  samples  from  the  Flathead 
and  Kootenai  Forests  in  Montana.   The  samples  were  mostly  in  decadent,  high-risk  stands  and 
probably  had  higher  volumes  of  dead  and  cull  than  the  average  sawtimber  stand  of  this  type. 


A  high  proportion  of  the  total  cubic  volume  was  defective--cull  and  rotten  dead  accounts  i 
for  more  than  one-third  of  the  volume  (fig.  2).   The  Horse  Creek  study  area  had  as  high  as 
4,000  ft^/acre  (280  m-^/ha)  of  crumbly  rot.   In  other  areas,  stands  were  less  deteriorated  and 
volume  of  rot  was  usually  about  1,000  ft^/acre  (70  m'^/ha)  .   Because  of  the  high  incidence  of 
rot,  the  data  on  sound  pieces  per  acre  of  dead  material  were  not  meaningful.   We  estimated 
about  10  sound  pieces  per  acre  over  8  feet  (2.4  m)  long  could  be  cut  from  the  dead  material 
these  stands. 


k: 


Alpine  Fir  and  Engelmann  Spruce 


Total  area  in  alpine  fir  and  Englemann  spruce  is  not  large,  but  these  forest  types  are 
common  at  higher  elevations  and  in  wet  areas  throughout  the  Northern  Rockies.   Because  data 
were  limited,  and  because  alpine  fir  and  Engelmann  spruce  are  usually  mixed,  data  were  com- 
bined for  these  types.   Volume  of  dead  material  averaged  1,100  ft^/acre  (77  m^/ha) ,  about  ha] 
of  which  was  sound  (table  2) . 

The  alpine  f ir-Engelmann  spruce  sites  receive  high  precipitation;  however,  much  of  the 
year  temperatures  at  these  high  elevations  are  too  low  for  optimum  decay.   About  25  posts  anc: 
corral  rails  plus  a  few  house  logs  or  saw  logs  could  be  recovered  from  the  dead  material  on 
each  acre.   Residues  of  these  species  are  seldom  utilized  for  roundwood  products. 

GREEN  MATERIAL 

Fifteen  to  twenty  percent  of  the  total  material  more  than  3  inches  in  diameter  is  green 
"residues,"  that  is,  material  that  does  not  meet  conventional  product  specifications.   Green 
residue  includes  tops  of  merchantable  trees  and  small  stems  that  do  not  meet  minimum  d.b.h. 
requirements.   The  proportion  of  different  kinds  of  green  residues  is  tabulated  below,  based 
on  data  from  table  2: 


Lodgepole 
yi  i  n  e 


Western 
larch 


l)t)Ugla.s-f  i  r , 
mo  i  s  t 


Doug  I  as- fi  r , 
d  rv 


(iraiul 
fi  r 


Percent   of   total    cubic    foot    volume 


laige  1  iiiami    spruce/ 
a  1  ]i  i  IK'    I'l  r 


een  residues 

Cull  2 

Tops  9 

Small  stems  5 

reliant  able  green  44 

ad  40 


3 

7 

■) 

2 

10 

11 

50 

5  1 

55 

26 

Total 


100 


100 


00 


10 

5() 

59 

100 


54 


1  00 


The  amount  of  green  material  that  actually  remains  following  harvest  could  he  more  or 
ss  than  these  estimates,  depending  on  the  utilization  level  specified  in  the  sale,  the  kind 

harvest  system  used,  and  on  the  actual  stand  conditions.   One  study  of  logging  residues  in 
aho  and  Montana  indicated  that  in  addition  to  green  residue  material  not  meeting  saw  log 
ecifications  (cull  and  small  stems),  anotlier  14  percent  of  the  net  green  volume  in  the  form 

broken  pieces  or  merchantable  logs  missed  in  yarding  also  remained  (Wilson  and  otiiers  1*.)70). 
wever,  this  study  was  based  on  sampling  areas  harvested  in  the  mid-19()0's.   Since  that  time, 
gging  practices  and  utilization  specifications  have  changed.   We  estimate  that  curreiitly 
out  15  percent  of  the  total  preharvest  volume  is  left  as  green  residues,  and  very  little  of 
is  is  merchantable  material.   This  estimate  is  based  on  residue  studies  with  several  different 
gging  and  utilization  specifications  (Benson  and  Johnston  1976). 

Table  5  shows  residue  volumes  on  harvested  sites  included  in  our  residue  research  studies, 
th  "conventional"^  logging,  green  residues  ranged  from  7  percent  to  29  percent  of  the  total 
eharvest  volume,  and  varied  considerably  among  sites.   With  intermediate  utilization  and 
ose  utilization,  green  residues  are  only  a  small  part  of  the  volume  remaining. 

Fine  Fuels 

Small  material  less  than  5  inches  (7.62  cm)  in  diameter  is  of  crucial  concern  in  managing 
sidues.   A  high  proportion  of  the  nutrient  content  of  trees  is  in  the  needles,  fine  twigs, 
d  bark,  and  the  land  manager  m,ust  decide  how  much  of  this  material  should  be  left  on  the 
te. 

If  prescribed  burning  is  to  follow  harvesting,  the  type,  amount,  arrangement,  and  moisture 
ntent  of  fine  fuels  help  determine  the  success  of  the  burn.   Crown  weights  for  several 
■rest  types  were  estimated  in  accordance  with  procedures  developed  by  Brown  (1977).   (^rown 
ights  are  related  to  size  and  form  of  the  tree,  and  therefore  are  highly  variable.   I'or  the 
udy  areas,  crouii  weights  averaged: 


own  components 
d  size 


1/4  inch  diameter 
4-1  inch  diameter 
-  5  inch  diameter 

Total,  woody 

liage 


Larch  and 
Douglas-fir 


5.56  (12.0) 

7.65  (17.1) 

5.0()  (  6.9) 

1(>.07  (56.0) 

9.44  (21.1) 


Lodgepole 
Tons/acre    (t/ha) 

2.25  (  5.0) 
5. 10  (  6.9) 
1 .86  (  4.2) 

7.21  ( 1  (. .  1  ) 

2.97  (  6.6) 


(li'and  fir 


5.5{.  (  7.5) 

6.79  (15.2) 

4.99  (11.2) 

15.11  (55.9) 

8.51  (18.(.) 


^E.xact  utilization  specifications  and  detailed  data  on  residues  are  on  file  at  the 
restry  Sciences  Laboratory,  Missoula,  Mont.   General 1>',  "conventional"  means  removing  any 
gs  to  a  minimum  6-inch  top  diameter,  one-third  or  more  sound  volume. 


Table  S . --Logging  residue   volumes   following  clearcutting ,    various   study   sites 


Utilization  level,  study 
site  and  forest  type 


Total  3-inch  + 

preharvest 

volume 


Postharvest 
residue  volume 


Dead 


Green 


Postharvest 
green  as 
percent  of  tol 
preharvest 


Conventional  utilization^ 

Lolo  (Mont.) 

Coram  (Mont.)  DF^L 

Lubrecht  (Mont.)  DF^L 

Teton  (Wyo.)  LPP 

Northern  Idaho  (mixed  conifer) 

Intermediate  utilization^ 

Coram,  7-inch  (DF&L) ^ 
Coram,  5-inch  (DF5L)2 
Bitterroot  (Mont.)  LPP 

Close  utilization^ 

Coram  (DF^L) 
Lubrecht  (DF) 
Teton  (LPP) 


5,575 
6,970 
3,047 
10,164 
7,947 


7,534 
8,137 
4,973 


6,297 
3,082 
9,673 


Ft^/acre 


1,212 

1,543 

2,459 

499 

343 

892 

2,402 

1,165 

347 

1,794 

1,873 
1,578 
1,400 


207 
129 

42 


,454 

44 

362 

0 

700 

131 

27 
7 
29 
11 
23 


-^Generally,  7-inch  or  9-inch  d.b.h.  green  trees  to  a  6-inch  small-end  log  diameter. 

^Included  smaller  diameter  trees  (5-inch  d.b.h.)  than  conventional  utilization,  and 
required  removal  of  sound  dead  material. 

^Required  removal  of  virtually  all  material  that  could  be  handled  by  yarding  machines 
(pieces  down  to  3-inch  diameter  by  8  ft  long,  and  whole  trees  down  to  1-inch  d.b.h.  at  Coram 
and  Lubrecht) . 


Fine  material  was  measured  on  sites  logged  to  conventional  standards  and  close  util- 
ization standards.   In  one  study,  fuel  depth  with  close  utilization  was  less  than  half  that 
conventional  utilization,  and  fuel  weight  was  only  about  20  percent  of  that  on  the  conventic 
utilization  (Brown  1974b).   This  reduced  both  rate  of  fire  spread  and  fire  intensity.   Simil 
results  (unpublished)  were  noted  in  other  study  areas. 


ESTIMATING  RESIDUES  AND  UTILIZATION  POTENTIAL 

Estimates  of  residue  volumes  and  utilization  potential  are  based  on  averages  of  a  large 
number  of  samples  of  forest  stands  and  cutting  units.   In  the  discussion  we  emphasized  there 
was  wide  variation  in  these  averages;  for  example,  some  individual  stands  have  virtually  no 
sound  down  material,  while  other  stands  in  the  same  type  may  have  several  thousand  cubic  fee 
per  acre  of  tliis  material. 

An  attempt  was  made  to  relate  various  residue  volumes  with  stand  conditions  to  see  if 
there  were  some  basis  for  refining  estimates  of  residues  within  the  broad  strata  of  mature 
stands  by  forest  type.   In  general,  no  close  relationships  among  various  residue  components 
and  stand  conditions  were  found.   As  might  be  expected,  the  total  volume  of  wood  was  related 
to  factors  such  as  site  index,  stand  age,  moister  aspects  and  habitat  types,  etc.   But  withii 
this  total  volume,  the  percent  of  dead  material  was  not  closely  related  to  basic  site  con- 
ditions . 


LO 


This  can  be  attributed  to  the  development  of  tlie  stand  over  time.   Wlien  stands  are  young 
vigorous  their  growth,  development,  and  mortalit)'  losses  can  Ix-  predicted  with  some 
■tainty.   However,  mature  stands  are  subject  to  a  number  of  intei-act  i  n;',  factt)rs  such  as 
e,  insects,  disease,  and  storms  that  determine  residue  conditions,  and  these  ma\-  occur  at 
egular  intervals. 

As  a  result,  even  within  a  narrow  forest  ty]3e  such  as  high-risk,  old-growth  Douglas-fir, 
le  stands  are  virtually  intact  with  very  little  ctill  or  down  material,  wliile  others  have  had 
vy  mortality  years  ago,  resulting  in  a  high  proportion  of  the  stantl  being  down  aiul  rotten. 

Techniques  are  available  for  accurately  predicting  residue  and  fuel  generated  in  harx'esting, 
cific  stands  (Browii  1974a,  1977).   These  jiredictions  are  based  on  formulas  aiiplieil  to 
nd  data  on  species,  d.b.h.,  number  of  stems,  and  so  on. 

RESIDUES  CREATED  ANNUALLY  FROM  CURRENT  HARVEST 

The  total  roundwood  harvest  in  Montana,  Idaho,  and  Wyoming  in  197(i  was  3._'  billion  board 
pt .   We  estimate  that  residue  material  other  than  green  merchantable  logs  totaled  about  IK) 
.lion  cubic  feet  (12.6  million  m^)  .   The  volume  of  material  by  component  for  tlie  forest 
)es  included  in  the  above  residue  studies  totals  about  356  million  cubic  feet  (10.1  million 


Residue  component Million  f  t  ^  Mi  1 1  j  on  m 

;en  (cull,  tops,  and  small  trees) 
id  -  sound  defect  and  no  defect 
id  -  solid  rot 

Subtotal 
jmbly  rot  _____  

Total  residue^  5S5.7  1 0 .  1 


125 

T 

88 

1 

39 

7 

251 

0 

104 

7 

5 

5 

1 

5 

1 

1 

1 

1 

5 

0 

•^Lodgepole  pine,  Douglas-fir,  western  larch,  grand  fir,  and  subalpine  fir. 


This  residue  volume  is  what  would  be  generated  if  the  entire  harvest  was  clearcut.   We 
ow  that  a  substantial  portion  of  the  harvest  came  from  partial  cutting,  but  our  studies 
dicate  the  total  residue  volume  generated  would  not  be  substantially  different  under  ]iartial 
rvesting.   Therefore,  the  harvest  was  converted  to  an  equivalent  acres  of  clearcutting  so 
sidue  study  data  based  on  clearcuts  could  be  applied  to  derive  residue  volumes. 

In  addition,  an  estimated  110  million  cubic  feet  (3.1  million  m')  more  would  be  generated 
cm  species  (ponderosa  pine,  western  white  pine,  western  hemlock,  western  redcedar)  not 
eluded  in  residue  studies.   The  details  of  these  estimates  are  shown  in  table  6. 

Not  all  this  residue  volume  should  be  considered  as  additional  material  available  for 
ilization.   The  crumbly  rotten  material  would  remain  on  the  site.   Some  of  the  cull  material 
uld  be  removed  with  merchantable  material  and  end  up  as  mill  residues.   A  ]iortion  ^^'(   the 
und  dead  material  is  considered  merchantable  under  current  sales  practice.   In  total, 
wever,  there  is  probably  300  to  350  million  cubic  feet  (8.5  to  9.9  million  m^)  of  additional 
terial  as  woods  residue. 
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ArrciNUiA 

Data  Sources  for  Residue  Volume  and  Characteristics 


Data 


Vrca  of  all  sawtimber  (table  1) 
^rea  of  mature  sawtimber  (table  1) 


/olume  per  acre  mature  sawtimber  stands, 
National  Forest  data  (table  1) 


/olume  per  acre  by  components  and  residue 
;haracterist ics  (tables  1  and  2) 


Residue  generated  annually  (tabic  6) 


l^ 


Source  and  method  of  computing 

"Forest  Statistics  of  the  U.S.,  1977,  Revieu.r 
Draft,"  USDA  Forest  Service.  | 

Estimated  from  area  of  all  sawtimber,  based  , 
on  proportions  for  National  Forests,  derivedJl 
from  forest  management  plans. 

Forest  management  plan  data  for  Region  1 

forests,  and  estimated  from  "Forest 

Statistics"  area  and  volume  data  for  Wyoming 
and  southern  Idaho. 

Residue  studies  data,  based  on  approximately]' 
2,600  sample  points  as  follows: 

1.  Residue  study  samples  at  forest  inventor 
locations  throughout  the  following  National 
Forests:  Bitterroot  (Mont),  Targhee  (Idaho), 
Lolo  (Mont.),  Flatliead  (Mont.),  Kootenai     i 
(Mont . ) . 

2.  Residue  utilization  research  study  sites 
(one  or  more  cutting  units)  :  Coram  Experi-   ,, 
mental  Forest  (Mont.);  Lubrecht  Forest  (Mont.t| 
Kaniksu  NF  (Idaho);  Nezperce  -  Horse  Creek 
(Idaho);  Idaho  State  fi  NF  logging  study 
(Idaho);  Wasatch  NF  logging  study  (Utah); 
Bridger  -  Teton  logging  study  (Wyo) ;  Bitter- 
root  logging  study  (Mont.). 

1.  Total  volume  harvested  from  "Production, 
Prices,  and  Employment  and  Trade  in  the 
Northwest  Forest  Industries"  (PNW  Station), 
using  1976  as  base  year. 

2.  Volume  proportioned  to  forest  tN^^e  from 
various  log  receipt  and  harvest  reports. 

3.  Acres  in  each  type  derived  by  dividing 
species  volume  above  by  average  volume  per 
acre  for  ti^^e. 

4.  Residue  volumes  per  acre  from  table  2 
applied  to  area  by  t\^e. 


-^   U   S,  GOVERNMENT  PRINTING  OFFICE:  1980—677-121/026  REGION  NO. 


Benson,  Robert  E.,  and  Joyce  A.  Schlit-'ter. 

1980.   Logging  residues  in  principal  forest  tyjics  of  the 
Northern  Rocky  Mountains.   USDA  P"or .  Serv.  Res.  Pap. 
INT-2G(J,  14  p.  Intermt.  For.  and  Range  Exi:>.  Stn.,  Oqden, 
Utah  84401. 

An  estimated  466  million  ft-  of  forest  residue  material 
(nonmerchantable ,  3  inches  diameter  and  larger)  is  generated 
annually  in  the  Northern  Rocky  Mountains  (Montana,  Idaho, 
Wyoming) .   Extensive  studies  of  residues  in  the  major  forest 
types  show  a  considerable  portion  is  suited  for  various  pro- 
ducts.  The  lodgepole  pine  type  has  the  greatest  potenticil 
for  increased  residue  utilization.   In  most  other  forest  types, 
form  and  condition  of  residues  limit  potential  use  to  fiber 
or  fuel.   In  all  forest  types,  volume,  condition,  and  product 
potential  vary  widely  from  stand  to  stand. 
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An  estimated  456  million  ft   of  forest  residue  material 
(nonmerchantable,  3  inches  diameter  and  larger)  is  generated 
annually  in  the  Northern  Rocky  Mountains  (Montana,  Idaho, 
Wyoming) .   Extensive  studios  of  residues  in  the  major  forest 
types  siiow  a  considerable  portion  is  suited  for  various  jjro- 
ducts.   The  lodgepole  pine  type  has  the  greatest  i-jotential 
for  increased  residue  utilization.   In  most  other  forest  types, 
form  and  condition  of  residues  limit  jjotential  use  to  fiber 
or  fuel.   In  all  forest  types,  volume,  condition,  and  product 
potential  vary  widely  from  stand  to  stand. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation    with    Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 

The  30-acre  (12-ha)  planting  was  designed  to  test  the  appli- 
cability of  procedures  recommended  for  improving  deteriorated  deer 
winter  ranges  in  southwestern  Idaho  by  artificial  revegetation . 
Secondary  objectives  were  to  compare:  (1)  two  planting  methods — 
direct  seeding  and  transplanting;  (2)  two  browse  species — antelope 
bitterbrush  (Purshia    tridentata    [Pursh]  DC.)  and  wedgeleaf  ceano- 
thus  (Ceanothus   cuneatus    [Hook.]  Nutt.l>;  and  (3)  two  bitterbrush 
seed  sources — southwestern  Idaho  and  northwestern  Nevada — for 
both  the  seeding  and  transplanting  methods. 

Competing  vegetation  was  reduced  by  preparing  scalps  about 
3-ft  (1-m)  square  with  hoes  made  from  square-nosed  shovels. 
About  1,200  scalps  per  acre  (3  000  per  hectare)  were  prepared  on  a 
spaced  grid  pattern  of  6  ft  (2  m)  from  center  to  center.   Seeding 
was  done  in  late  October  and  early  November  using  hand-operated 
seeders.   Three  spots  were  seeded  near  the  center  of  each  scalp 
at  a  rate  of  12  to  16  seeds  per  spot.   Transplanting  of  bare-root 
nursery  stock  (1-0)  was  done  in  April  using  planting  spades.   One 
transplant  was  placed  near  the  center  of  each  scalp. 

Overall,  the  seeding  treatments  had  a  sixth-year  survival  of 
80  percent;  transplanting  treatments  had  a  sixth-year  survival  of 
62  percent.   Survival  was  calculated  as  the  percentage  of  scalps 
with  surviving  plants.   Seeded  bitterbrush  had  better  survival 
than  bitterbrush  transplants.   The  converse  was  true  for  wedge- 
leaf  ceanothus.   Bitterbrush  from  local  seed  sources,  whether 
seeded  or  transplanted,  outperformed  other  plants  significantly 
in  survival  and  nonsignif icantly  in  height  growth. 

The  findings  support  the  notion  that  adequate  technology  is 
generally  available  for  revegetating  southwestern  Idaho  deer 
winter  ranges,  and  that  inconsistent  results  are  at  least  partly 
due  to  improper  application  of  recommended  procedures. 
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INTRODUCTION 

Large  areas  of  southwestern  Idaho  deer  winter  r;in;j;es  have  declined  in  both  acreage  and 
,ge  productivity  (Holmgren  and  Basile  IDS'J).   Main-  factors  have  contributed  to  the  decline. 
fire,  insect  infestations,  rodents,  overuse  by  livestock  and  big  game,  urban  expansion, 
cultural  development,  road  and  highway  construction,  and  water  storage  projects  have  been 
g  the  most  damaging  impacts  (Klemmedson  l'J(w).   bffectively  imjiroving  the  forage  produc- 
ty  of  these  winter  ranges  is  a  major  challenge. 

One  way  to  improve  winter  ranges  is  through  artifical  revegetat ion--the  direct  establish- 
of  food  and  cover  j")lants.   Seeding  or  jilanting  often  is  the  only  practical  means  of 
oring  productivity  where  essential  food  and  cover  jilants  arc  lacking  or  sparse.   liarly 
mpts  to  directly  improve  southwestern  Idaho  deer  winter  ranges  through  shrub  i)lanting 
rams  were  mostly  unsuccessful  (Holmgren  19S(i).   As  a  result,  studies  began  for  developing 
knowledge  required  for  effective  range  restoration. 

Holmgren  (1954)  evaluated  50  native  and  exotic  browse  species  for  their  potential  suit- 
ity  for  artificial  revegetat ion .   Of  those  species,  only  four  indicated  promise,  and  only 
lope  bitterbrush  {Purshia    tridentata    [Pursli|  DC.)  was  outstanding.   Consequently,  many 
r  studies  dealt  almost  exclusivel)'  with  bitterbrush. 

These  studies  included  metliods  of  collecting  and  cleaning  seeds,  preplanting  treatment 
eeds  (Casebeer  1954),  season  of  seeding,  seeding  rates,  deptli  of  seeding  (Basile  and 
gren  1957),  seeding  methods  and  ecjuipment  ,  site  in'eparation  techni(|ues,  effects  of  plant 
etition,  influences  of  small  mammals  and  insects,  and  effects  of  trampling  and  browsing, 
gren  and  Basile  (1959)  summarized  tliese  investigations  and  recommended  sj'jccies  to  be 
ted,  planting  methods,  planting  locations,  and  methods  of  protecting  and  managing  planted 
s . 

Yet,  shrub  planting  programs  failed  to  achieve  consistent  results.   Small  experimental 
tings  became  well-established  stands.   Successes  were  uncommon  on  large  plantings.   Oper- 
nal  projects  were  scaled  back  to  minor  trials  on  limited  areas. 

Causes  of  failure  are  conjectural  in  most  cases.   Holmgren  (195(i)  j'jrovided  evidence  that 
etition  for  soil  moisture  from  clieatgrass  (Bromus   tectorurn   L.)   and  other  annuals  was 
icularly  damaging.   Poor  qualit\'  seed,  iiDpropcr  planting  technique,  high  rodent  and  rabbit 
lations,  disease,  insect  dejn'edat  ion ,  frost  iniui\\',  frost  heaving,  summer  drought,  and 
pling  and  browsing  by  hoofed  mammals  ha\'e  been  advanced  as  associated  or  additional  causes 
oor  stand  establishment.   Also,  environmental  conditions  for  shrub  establishment  on  south- 
ern Idaho  winter  ranges  are  harsh,  jiart  i  cul  ar  1  >'  southern  exjiosures. 

We  wondered  whether  knowledge  was  in  fact  adequate  for  tlie  task  of  revegetating  those 
er  range  problem  areas  most  in  need  of  restoi'at  i  on .   Our  observations  suggested  that 
arch-tested  and  recommended  procedures  were  ad^'cpiatc,  and  that  inconsistent  results  were  at 
t  partly  due  to  impro]-)cr  application.   To  examine  this,  we  established  a  carefully  control - 
and  siq^erviscd  ]ulot  jilanting  on  a  re]Trescntat  i ve  area  of  deer  winter  range  in  ]ioor 
ition.   We  designed  the  planting  to  serve  as  a  full  scale  test  of  the  applicability  of 
mmended  procedures,  to  help   define  [irolilenis  >'et  unsolxcd,  and  to  provide  the  basis  for 
tional  experimentation.   For  the  exjier imenta  1  function,  we  defined  three  specific  iibjectives 
to  com]:)are  two  planting  metliods--d  i  rect  seeding  and  transplanting;  (2)  to  compare  two  browse 
ies--antelo]-)e  b  i  tterbiaisli  and  wedgeleaf  ceanothus  [Ccanothus   cuncatus    |Hook.|  Nutt.); 
(5)  to  compare  two  bitterbrush  seed  sources--southwest  em  Idalio  and  northwestern  Nevada-- 
bcth  the  seeding  and  transplanting  treatments. 


THE  STUDY  AKEA 

The  planting  was  done  on  a  deteriorated  segment  of  potentially  productive  deer  winter 
range.   This  range  once  supported  large  stands  of  shrubs,  mostly  bitterbrush,  that  are  now 
gone  from  many  parts  of  the  area  (Holmgren  and  Basile  1956).   The  30-acre  (12-ha)  test  area 
is  a  topographic  unit  varying  from  lower  toe  slopes  to  a  major  ridge  at  the  top  (fig.  1)  am 
located  between  Nelson  and  Carpenter  Creeks  on  the  South  Fork  of  the  Payette  River  in  Boise 
County. 
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Lgure  1. --Pilot  planting  area  betwee: 
Nelson  and  Carpenter  Creeks  on  the 
South  Fork  of  the  Payette  River,  Be 
National  Forest  (photo  taken  Octobe-. 
1968) . 


Topograph)-  is  typically  steep  and  dissected.  Slope  gradients  are  between  25  and  80  pen 
cent  with  generally  south  facing  exposures.  The  elevation  is  from  about  3,500  ft  (1  010  m) 
5,800  ft  (1  150  m) .  Soils  are  of  granitic  origin,  coarse  textured  and  loose,  with  low  waterr 
holding  capacity.  Average  annual  precipitation  is  about  25  inches  (60  cm) ,  most  of  which  fai 
as  snow  in  the  winter.  Summer  rains  generally  occur  as  infrequent,  scattered,  high-intensit; 
thundcrsliowers .  Soil  surface  temperatures  in  the  summer  are  high,  with  140°  to  158°  F  (60  t! 
70°  C)  common  and  maximums  reaching  168°  F  (76°  C)  (Ferguson  1972) . 

Vegetation  is  dominantly  annual  with  cheatgrass  the  most  abundant  component.   Broad-leai 
annuals  include  storksbill  {Erodium  cicutarium    [L.]  L'Her.),  ground  smoke  (Gayophytum 
diffusum   Torr.  and  Gray),  prickly  lettuce  {Lactuca   serriola    L.),  and  Douglas  knotweed 
{Polygonum  douglasii    Greene).   Bluebunch  wheatgrass  {Agropyron   spicatum    [Pursh]  Scribn.  and 
Smith)  and  arrowleaf  balsamroot  {Balsamorhiza  sagittata    [Pursh]  Nutt.)  are  the  most  common 
perennials.  | 

Although  deer  had  yearlong  access  to  the  planting  area,  few  were  present  during  the  sum  r 
and  early  fall.   Livestock  grazing  was  not  permitted. 

Treatments,  listed  in  top-to-bottom  order  of  establishment  within  planting  blocks,  were 
as  follows: 


1.  Bitterbrush,  direct  seeding,  southwestern  Idaho  seed  source. 

2.  Bitterbrush,  transplants,  northwestern  Nevada  seed  source. 

3.  Bitterbrush,  transplants,  southwestern  Idaho  seed  source. 

4.  Wcdgeleaf  ceanotlius,  direct  seeding,  north-central  California  seed  source. 

5.  Bitterbrush,  direct  seeding,  northwestern  Nevada  seed  source. 

6.  Wedgeleaf  ccanothus,  transplants,  north-central  California  seed  source. 
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Starting  at  the  lower  edge  of  tlie  tract,  treatments  were  applied  secjuent  i  al  ly  to  two  rows 
scalped  planting  spots  each,  covering  the  width  of  the  tract  on  east-west  contours.   The 
xed  arra\'s  of  six  treatments  (12  rows)  were  repeated  cent  i  guous  1  >•  up  tlie  slope  until  the 
tire  tract  was  planted. 

Twelve  wel  1 -distributed  blocks,  apjirox  imate  !>■  7.S-by-iri()  feet  (23-b\--l()  meters)  wide  and 
compassing  one  set  of  six  treatments  each,  were  subsecjuent  1  y  marked  off  for  observation  of 
ant  response.   But  the  consistent  ai'rangemeiit  of  treatments  ftir  all  blocks  gave  no  design 
otection  against  response  bias  that  could  result  from  tt)p-to-bot  torn  nutrient  en"  moisture 
adients  in  the  sloped  blocks.   Sucli  gradients  were  expected  to  have  a  minimal  effect,  however, 
thin  the  rather  short  lengtli  of  s1o]K'  for  each  block.   Also,  this  Judgment  appeared  to  be 
pported  by  the  data.   Response  magnitudes  were  genera  11\-  inversi;'  to  the  direction  of  expected 
as  effect  associated  with  treatment  location.   Tluis,  w  i  th  i  n-lilock  bias  effects  were  assumed 
be  negligible  and  tlie  data  were  anal\';ed  as  for  a  conventional  randomi::ed  block  design. 


PLANTING  METHODS 
Direct  Seeding 


Seeding  methods  were  essential  1\'  those  recommended  for  l^i  tt erhrusli  by  Holmgren  and  Basile 
959).   Tliere  w'ere  minor  modifications  based  on  recent  findings. 

Seed  source . --Bittcrbrush  seeds  were  collected  from  Ada  ami  Boise  Comities  in  southwestern 
aho ,  and  from  Washoe  County  in  northwestern  Nevada.  Wedgeleaf  ceanotlius  seeds  were  collected 
om  Shasta  County  in  north-central  California. 

Seed  treatment . --Bitterbrush  seeds  were  treated  with  a  mixture  of  Ondrin  (SO  percent 
ttable  powder)  and  liquid  Arasan  42-S  (thiram  fungicide).   T.ndrin  was  applied  at  a  rate  of 
percent  by  weight  and  Arasan  at  a  rate  of  4  percent  In'  weight.   Both  chemicals  were  mixed 
th  diluted  (9:1)  Dow  Latex  512R  adhesive  before  ap]il  i  cat  ion .   Aluminum  jiowder  was  used  as  a 
ating  to  prevent  caking.   Wedgeleaf  ceanothus  seeds  were  soakcnl  in  water  heated  to  176°  F 
0°  C)  to  reduce  hard  seed  coats  (lirisez  and  ilai'din  1907 )  and  planted  without  j-ndr  i  n-Arasan 
eatment . 

Seeding  season. --Both  species  were  seedc-d  in  late  Octfiber  and  earl\'  November  1968. 

Site  preparat  ion . --Competing  vegetation  was  reduced  b\'  pre]iaring  scal]KS  about  .S-ft 
-m)  square  and  2  inches  (S  cm)  deep  with  hcx-s  made  from  squai-e-nosed  shovels. 

Seeding  depth. --Both  bittcrbrush  and  wedgeleaf  ceanothus  were  seeded  at  a  depth  of  1  to 
5  inches  (2.5  to  3.5  cm)  (Basile  and  Holmgren  1957;  Adams  1962). 

Seeding  rate. --Three  spots  were  seeded  near  the  center  of  each  scalp  at  a  rate  of  12  to 
seeds  per  spot  (Ferguson  and  Basile  1967).   Schussler  hand-operated  seeders  were  used  to 
spense  seed  and  control  planting  depth. 

Spacing .  --About  1,200  scalps  per  acre  (5  000  per  iia )  were  prepared  on  a  sjiaced  grid 
ttern  of  6  ft  (2  m)  from  center  to  center. 


Transplanting 


Bare-root  planting  stock  (1-Oj  of  botli  bitterbrush  and  wedgtdeaf  ceanothus  was  obtained 
om  the  Lucky  Peak  Forest  Nurser\-,  located  near  Boise,  Idaho.   IMants  were  liftt>tl  in  early 
ril,  sorted,  and  graded  for  an  undamaged  root  swstem,  undamaged  tops,  and  adecpiate  root 
ngth  and  root:shoot  balance.   Po  1  }eth)'lene- 1  i  ned  k]-aft  paper  bags  were  used  for  cold  storage 
d  transport . 


Field  planting  was  done  in  mid-April  1969  by  experienced  planting  crews  from  the  Garden 
Valley  Ranger  District,  Boise  National  Forest.  Planting  spades  were  used.  Site  preparation 
and  spacing  were  as  described  above  for  direct  seeding.  li 

DATA  COLLECTION 

Seedling  emergence,  survival,  and  height  growth  were  recorded  on  each  sample  scalp  and 
tabulated  separately  for  each  plot  (treatment),  block  (replicate),  and  site  characteristic 
(aspect,  slope  position,  slope  gradient,  slope  shape,  nature  of  competing  vegetation). 
Survival  during  the  first  year  (1969)  was  assessed  at  2-  to  3-week  intervals  from  May  1  to 
September  10.   Second-,  third-,  and  sixth-year  survival  was  assessed  in  September  each  year. 
Emergence  percentage  values  were  calculated  on  a  per-scalp  basis.   Survival  was  based  on  the 
total  number  of  scalps  with  emergent  seedlings.   The  height  of  the  tallest  surviving  seedling 
or  transplant  on  each  scalp  was  measured  in  September  each  year. 

Probable  causes  of  mortality  were  assigned  for  each  seedspot  or  transplant.   Criteria   j  jei 
used  to  identify  the  causes  were  similar  to  those  of  Gashwiler's  (1971). 

In  the  first-year  survival  assessment,  soil  samples  were  collected  from  six  sites  distri. 
uted  throughout  the  planting  area.   Samples  were  taken  at  depths  of  6,  12,  and  24  inches 
(15,  30,  and  60  cm)  on  paired  scalped  and  unscalped  areas.   Percent  soil  moisture  was  measure^-! 
gravimetrically.  Maximum  soil  surface  temperatures  on  each  soil  sampling  site  were  recorded 
ising  thermopapers . 

Weather  data  were  summarized  from  U.S.  Weather  Service  records  at  Garden  Valley  Ranger 
Station,  located  2.5  mi  (4  km)  from  the  planting  site  and  at  about  the  same  elevation. 

RESULTS  AND  DISCUSSION 
Emergence 

Emergence  of  bitterbrush  from  both  the  Idaho  and  Nevada  seed  sources  occurred  from  the 
second  week  of  March  until  mid-April.   Wedgeleaf  ceanothus  emerged  from  late  March  until  the 
end  of  April.  Most  of  the  bitterbrush  seedlings  emerged  during  the  last  week  of  March  and 
the  first  week  of  April.   Wedgeleaf  ceanothus  emergence  peaked  about  mid-April.   Emergence 
counts  were  made  May  1. 

Bitterbrush  emergence  averaged  99  percent  for  the  Nevada  seed  source  and  97  percent  for 
the  Idaho  seed  source  (table  1).   Most  of  the  seed  spots  had  clusters  of  emergent  seedlings. 
There  was  little  site  variation  in  bitterbrush  seedling  emergence;  lower  slope  sites  had 
slightly  lower  emergence  values. 

Wedgeleaf  ceanothus  emergence  averaged  36  percent,  significantly  lower  (P<0.05)  than 
bitterbrush  (table  1).   Many  seed  spots  had  a  single  emergent  seedling.   Emergence  was  highes^ 
(66  percent)  on  lower  slope  sites  and  lowest  (13  percent)  on  upper  slope  sites.   We  were 
unable  to  identify  the  reason  for  the  poor  emergence  of  wedgeleaf  ceanothus.   A  600-seed 
sample  from  each  seed  lot  used  in  the  planting  was  hand  sown  on  a  nearby  site  at  the  time  of 
the  pilot  planting.   Two-thirds  of  the  seeds  were  protected  by  a  rodent-proof  screen.   Sixty 
percent  of  wedgeleaf  ceanothus  produced  emergent  seedlings  in  both  the  protected  and  unpro- 
tected plots.   This  was  better  than  that  exhibited  by  bitterbrush  from  either  seed  source 
(20  to  40  percent  emergence) . 


gle  I. --Average  emergence    (percent),   survival    (percent),    and  height    (cm)    of  antelope  bittcrbrush  and 

wedgeleaf  ceanothus  seedlings  and   transplants^ 
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^Column  values  not  having  tlie  same  letter  arc  significantly  different  (P<0.05).   Comparison  of  treat- 
ijit  means  followed  Sncdecor  (1956,  p.  253).   Arcsin  transformation  was  used  for  percentages. 

^Emergence  percentage  values  based  upon  the  number  of  scalps  that  had  at  least  one  emergent  seedling. 

^Survival  percentage  values  for  seeded  scalps  based  upon  the  number  of  scalps  that  had  i?mergcnt 
(idlings;  survival  was  calculated  as  the  percentage  of  scalps  with  surviving  plants. 

Survival 

With  two  exceptions,  survival  during  tlie  critical  first-year  growing  season  exceeded  90 
bent  (table  1).   Seeded  wedgeleaf  ceanothus  averaged  79  percent  survival;  bitterbrush  trans- 
Kts  from  the  Nevada  seed  source  averaged  87  percent  survival.   First -year  preci]ntation , 
1  moisture,  and  survival  trends  are  shown  in  figure  2.   Monthly  means  of  precipitation  and 
perature  immediately  preceding  and  during  the  growing  season  are  compared  witli  long-term 
ords  in  table  2.   Growing-season  precipitation  was  below  normal  except  for  the  month  of  June, 
ing  which  rainfall  was  more  than  double  tlie  long-term  average.   July  and  August  were  almost 
hout  rainfall.   April -to-September  temperatures  were  generally  above  normal.   Soil  surface 
peratures  measured  on  the  planting  site  were  commonly  above  150°  F  (06°  C)  in  July  and 
ust . 

le  2 . --Comparison  of  1968   and  1969   weather   data   with   long-term  records.    Garden    Valley   Ranger 

Station,    Idaho 
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Figure   2. --Trends   in   first-year  survival,   precipitation,    and   soil   moisture   from  May   1   to 

September   10,    1969. 


Rapid   desiccation   of   soils   with    the   t)nset    of   the   di'\-    season    is    charact  ei- i  st  i  c    of   man\' 
geland    sites    in    southwestern    Idaho.       Soil    mo  i  stun.' ,    after   Ihmii)^    reeharv.ed    in   .hme,    ilropped 
a   season  minimum  of  about    2   percent    at    the   d-incli    (iri-eiii)    dejith    in    mid  -  Auiuist    (fi,u-    -' )  • 
1   moisture   percentages   were   marked])'    higliei-   undei"    scaljis    than    uiulei-   unscalped    areas    (table    7,] 
t-year   survival    trends   appear  weakl\-   correlated    ultli    soil    imiistnre    trends.      The    soil    iiiois- 
=  recharge    in  June   ma>'   have   ]irevented   more    steepl\'   de'cliiiing    survival    curves. 

le    3 .  --Average   soil    moisture   content    (j'crccnt)    ,jt    three   depthr,     (^:w)    on    scalped   and    unscalped 

areas,    19b9^ 
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■^Each    soil    moisture   value    is   the   average   of   six    sampling    sites   distributed    throughout    the 
inting   area. 


j     Sixth-x'ear    survival    differed   marivcdl}'   between    species,    seeel    source,    and    |)lanting   method 
|ble    1).       Seeded   bitterbrush   had    better    sur\'i\'al    than    b  i  1 1  L'rbrush    t  rans])  1  ant  s  .       Tlie    converse 
l1  true    for   wedgeleaf   ceanothus.      Overall,    seei.ling    treatmiiits    averaged    80    percent    SLirvival; 
■jnsplant    survival    averaged   62   percent.       P.itterbrush    SL'cded    frnm    local    seed    sourci'S    had    a 
.jth-\"ear    survival    of   94    percent,    higher    (P0.(i3)    than    any   othei-    treatment.       bitterbiaish    fi'om 
Hal    seed    sources,    whether    seeded   or   t  rans|i  lant  etl  ,    out  |ierfoi-metl    othei"    plants    s  i  gn  i  f  i  cant  1  >'    in 
ivival    and    nonsigirif  i  cant  !>•    in    height    growth.      Altiiough    I'at  i  ng    standaials    foi'    shiaib    plant  iipgs 

nonexistent,    we    suspect    that    few    would    be   d i ssat i s i f i ed    uith    s i xt h -nlm  r    survival    rates    from 
to   SO   jiercent    (compare    fig.    3    and    l). 


■■    ---sr/^ 


[ure    3.- -A   pilot    plant  iipg    area    before 
ilanting    (photo    taken   October    19oN). 


-c 


-'  Figure  4. --The  same  area  six  growing  s 

sons  after  planting  (photo  taken 
•-f       October  1974)  . 


i^'^'tSiSii.,:! 


Substantial  differences  occurred  in  average  height  growtli  between  species  at  the  end  of 
the  sixth  growing  season.   Bitterbrusli ,  regardless  of  seed  source,  had  better  (P<0.05)  height 
growth  than  wcdgeleaf  ceanothus.   There  were  no  differences  (P>0.05)  in  sixth-year  heights 
between  the  seeding  and  t rans])lant  ing  treatments  c^f  eitlier  bitterbrusli  or  ceanothus. 

Sixth-\'ear  survival  and  height  of  Iii  ttcrbrush  planted  from  local  seed  sources  varied  by 
site  (table  4).   Survival  was  strongl)'  related  to  to]iographic  influences.   Generally,  the 
higher  survival  rates  were  on  lower  and  ui"i]Ter  s1o]K'  positions.   This  was  true  for  both  the 
seeding  and  transplant  treatments.   Height  growth  followed  a  similar  pattern  except  for  a 
slower  growth  rate  on  the  extreme  upper  slo]ie  ]")Osition.   Season-long  soil  moisture  trends 
measured  during  the  first  year  were  highest  on  the  lower  slope  sites. 

Plants  on  slopes  that  were  either  horizontal]}'  or  verticall}'  concave  or  coTivex  had  highe: 
survival.   Those  slope  sha[ies  were  gencrall}-  associated  with  the  u]iper  and  lower  slope  posi- 
tions.  Lower  survival  rates  were  found  on  verticall}'  and  hor i  zontal  1\-  straight  mid-slopes. 
Slope  gradients  under  b5  perceiit  and  tliose  with  southeast  aspects  generally  had  better  bitter^ 
brusli  survival  than  steeper  slopes  and  those  facing  south  or  southwest.   There  are  exceptions 
to  these  generalities  and  there  is  probabl\'  some  confounding  among  the  topographic  variables.. 

p   on  each  of  the  1-  sample  bloclxS  was  classified  as  to  tlie  nature  (annual, 
tlie  i^roximate  competing  vegetatioii.   Tliere  was  a  tendenc)'  toward  lower  bitter- 

on  those  blocks  having  the  largest  percentage  of  scaljis  with  predominantly 
eting  vegetation  (fig.  S).      Most  of  the  perennial  competition  was  from  bluebuncl" 

arrowleaf  balsamroot.   Holmgren  (I'JSh)  documented  the  competitive  effect  of  ch(  | 
r  annual  vegetation  on  the  survival  of  seedling  bitterbrusli.   Our  study  was  not 
recti}-  evaluate  the  effects  of  plant  competition.   Nevertheless,  the  data  at  1  e; 
erennial  vegetation  may  have  a  stronger  comjiet  it  i  vc  influence  on  bitterbrush 
val  than  annual  \'egetation.   Apparent  1  }■,  scalping  effectively  reduces  competitici 

But  perennial  ]ilants  near  tlie  ])erimeter  of  the  scalp  may  extend  their  roots 
11}'  and  deplete  soil  moisture  throughout  t lu'  growing  season. 
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bach  time  survival  counts  were  made,  we  recorded  the  apjiarent  causes  of  mortality  that  ha 
occurred  since  the  previous  observation,  rcU'ing  heavil}-  on  ]iei-sonal  Judgment.   Because  survivi 
counts  began  on  Ma}-  1,  we  probabl}-  missed  earl}-  post  emergence  mortality. 


Drought  accomited  for  ?>(•>   percent  of  .'S-}-ear  seedling  mortal  it}-  and  29  percent  of  5-year 
transplant  mortality  (table  S).   Heat  and  frost  heaving  caused  minor  mortality. 
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PERCENT  OF  SCALPS  WITH  PERENNIAL-  COMPETING  VEGETATION 


Figure  5 . --Sixth-year  survival  of  bitterbrush  seedlings  and  transplants  (southwestern  Idaho 
seed  source)  in  relation  to  percentage  of  scalps  with  perennial  competing  vegetation. 
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Table    S  . --Percentage  of   3-year  se'cdling  and   transplant   mut.il  i  t<i   .itti  i  Imtable   to   s;.. 
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edling  N  is  the  number  of  seed  spots  to  which  a  cause  of  mortality  was  assigned;  transplant  ,\  is  the  number  of 
nts  to  which  a  cause  of  mortality  was  assigned. 


bout  25  percent  of  seedling  losses  and  15  percent  of  transplant  losses  were  caused  by 
activity.   Trampling  by  deer  and  clipping,  root  cutting,  and  mound  building  by  pocket 
s  (Thomomys   talpoides   Merriam)  were  mainly  responsible.   V\fedgelcaf  ceanothus  transplants 
articularly  susceptible  to  root  cutting  by  pocket  gophers.   Trampling  killed  11  percent 
seedlings  and  2  percent  of  the  transplants.   This  difference  was  the  largest  of  any 
cause  of  mortality  between  seedlings  and  transplants.   Insects  (mostly  grasshoppers, 
ms ,  and  cutworms)  also  killed  more  seedlings  than  transplants.   The  planting  was  aerially 
d  (Malathion)  in  mid-July  of  the  first  growing  season  as  part  of  an  area-wide  grasshopper 
1  program. 

rowsing  by  deer  killed  4  percent  of  the  seedlings  and  3  percent  of  the  transplants.   Most 

browsing  mortality  occurred  between  the  second  and  third  growing  seasons,  a  period 
ted  by  a  severe  winter.  A  decrease  in  average  shrub  height  for  some  treatments  the 
ing  year  (year  3  in  table  1]  probably  reflected  the  heavy  browsing  of  that  winter. 

amping-off  fungi  and  soil  movement  accounted  for  3  percent  of  seedling  mortality.   I'our 
t  of  transplant  mortality  was  attributed  to  poor  planting  tccliniquc;  most  of   this  was 
oubled-up  root  systems. 

Ithough  not  reflected  in  table  5,  we  later  observed  winter  injury  and  winter  kill  of 
eaf  ceanothus. 
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Costs 

Costs  of  seeding  and  transplanting  are  compared  in  table  6.   Total  seeding  cost  per  acre 
'as  $204.75  ($505,92  per  hectare).   Total  transplanting  cost  per  acre  was  $232.56  ($574.65  per 
.ectare) .   Costs  are  expressed  at  approximate  1979  prices.   Labor  costs  were  computed  on  a 
5.00  per  hour  wage  scale.   Costs  for  tools,  and  travel  and  lodging  for  planting  crews  are  not 
ncluded . 

Table  6 . --Estimated   costs  of  seeding  and   transplanting  treatments ,    1979 


'lanting  method 


Cost  per  acre 


Cost  per  hectare 


ceding 

Seedbed  preparation  (scalping  hoe) 
Seeding  (hand-operated  seeder) 
Seed  (cleaned) 

Bitterbrush 

Wedgeleaf  ceanothus 
Preplanting  seed  treatment^ 

ransplanting 

Seedbed  preparation  (scalping  hoe) 
Handplanting  (planting  spade) 
Planting  stock  (1-0  transplant) 


Total 


$  120.00 
45.00 


28 

60 

9 

40 

1 

45 

$  204.75 


Total 


108 

00 

68 

00 

56 

56 

$  232 

56 

$  296.50 
111.20 

70.67 

25.23 

4.32 

$  505.92 

266.86 

168.03 

139.76 

$  574.65 


^Rodent  repellent  treatment  of  bitterbrush  and  hot  water  treatment  of  wedgeleaf  ceanothus.- 

Seedbed  preparation  (scalping)  was  the  largest  single  investment  item,  accounting  for  59 
lercent  of  total  seeding  cost  and  46  percent  of  total  transplanting  cost.  Seeding  was  about 
2  percent  less  costly  than  transplanting.  The  cost  of  seed  was  about  two-thirds  that  of  nursej 
)lanting  stock.  Seed  prices  were  $14.24  per  lb  ($31.40  per  kg)  for  bitterbrush  and  $28.48  per  ,' 
b  ($62.80  per  kg)  for  wedgeleaf  ceanothus.  Nursery  costs  were  $47.13  per  thousand  graded  and  | 
lacked  1-0  transplants. 

CONCLUSIONS 

The  planting  was  designed  to  test  the  applicability  of  procedures  recommended  for  improviri 
leteriorated  deer  winter  ranges  in  southwestern  Idaho  by  artifical  revegetation.   SubobjectiveJ 
/ere  to  compare:  (1)  two  planting  methods--direct  seeding  and  transplanting;  (2)  two  browse 
;pecies--antelope  bitterbrush  and  wedgeleaf  ceanothus;  and  (3)  two  bitterbrush  seed  sources-- 
iouthwestern  Idalio  and  northwestern  Nevada--for  both  the  seeding  and  transplanting  methods. 
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Althougli  expensive,  the  pilot  planting  demonstrated  that  shrubs  can  be  successfully  estab- 
;hed  by  either  seeding  or  transplanting  methods  in  environments  typical  of  many  southwestern 
.ho  deer  winter  ranges.   Our  investigation  supports  the  notion  that  adecpiate  technology  is 
lerally  available  for  revegetating  winter  range  problem  areas  and  that  inconsistent  results 
■  at  least  partly  due  to  improper  ajiplication  of  rccoiranended  jirocedures.   The  findings  are 
conclusive  because  the  planting  was  done  luider  a  single  set  of  environmental  conditions, 
erse  environmental  extremes  may  cause  planting  failures  regardless  of  the  care  used  in 
lowing  procedural  details. 
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seeding  and  transplanting;  and  (3)  two  bitterbrush  seed  sources — 
southwestern  Idaho  and  northwestern  Nevada.   Overall,  the  seeding 
treatments  had  a  sixth-year  survival  of  80  percent;  transplanting 
treatments  had  a  sixth-year  survival  of  62  percent.   Bitterbrush 
from  local  seed  sources,  whether  seeded  or  transplanted,  outper- 
formed other  plants  significantly  in  survival  and  nonsignif icantly 
in  height  growth. 
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seeding  and  transplanting;  and  (3)  two  bitterbrush  seed  sources — 
southwestern  Idaho  and  northwestern  Nevada.   Overall,  the  seeding 
treatments  had  a  sixth-year  survival  of  80  percent;  transplanting 
treatments  had  a  sixth-year  survival  of  62  percent.   Bitterbrush 
from  local  seed  sources,  whether  seeded  or  transplanted,  outper- 
formed other  plants  significantly  in  survival  and  nonsignif icantly 
in  height  growth. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-Slocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  miUions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation   with   Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 

The  visual  appearance  of  various  timber  harvest  and  roadij 
construction  alternatives  was  measured  using  the  Scenicn 
Beauty  Estimation  method.  Panels  of  viewers  rated  colon 
slides  on  a  0  to  9  scale  of  "dislike"  versus  "like."  Numerousii 
case  studies  have  shown  that  the  method  gives  consistentii 
and  reliable  measures  of  viewer  preferences.  In  general, ilj 
partial  harvesting  is  preferred  to  clearcutting,  and  the  less* 
logging  debris,  the  higher  the  preference.  In  addition,  lessn 
soil  disturbance  and  more  revegetation  along  the  roads,  thei« 
higher  the  preference. 

These  findings  are  not  unexpected  but  they  do  provide  a  I 
basis  for  comparing  preference  for  one  treatment  relativei 
to  another,  and  they  show  how  different  treatments  com 
pare  in  their  posttreatment  response  over  time.  Two  studyljl 
areas  that  were  partially  cut  with  logging  residues  sub- 
sequently removed  were  rated  as  being  "liked"  within  3 
years  of  harvest,  while  clearcut  areas  with  partially  burned 
piles  of  logging  slash  were  rated  low  even  15  years  after 
harvest. 

Rankings  of  different  treatments  were  nearly  identical 
among  different  viewers  even  though  they  included  such 
diverse  interest  groups  as  the  wood  industry  and  outdoor 
recreation  management  students.  Study  areas  included 
several  forest  types  and  a  variety  of  harvest  and  road  con-v 
struction  situations. 

The  findings  can  be  used  to  estimate  visual  impacts  in 
planning  of  activities  and  to  compare  the  esthetic  gains  ODt] 
losses  from  alternative  practices. 
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NTRODUCT!ON 

A  major  concern  of  forest  land  managers  is  the  visual 
mpact  that  activities  such  as  timber  harvest,  road  building, 
ind  mining  have  on  the  forest  landscape.  IVIanagement  of 
he  visual  resource  is  a  regular  part  of  planning  on  National 
-orests,  and  many  other  public  and  private  forest  land 
managers  are  increasing  their  efforts  to  protect  and 
enhance  this  resource. 

The  Forest  Residue  and  Harvesting  Research  Program  at 
he  Intermountain  Station  includes  studies  of  the  impact  of 
larvest  and  reading  activities  on  visual  quality  Preliminary 
esults  were  reported  earlier  (Schw/eitzer,  Ullrich,  and 
Benson  1976).  This  report  updates  earlier  findings  and 
)resents  highlights  of  more  recent  studies. 


DBJECTIVES  AND  METHODS 

The  purpose  of  the  present  series  of  studies  was  to  mea- 
;ure  public  response  to  various  types  of  timber  harvesting 
ictivities  Frequently,  managers  have  several  alternatives 
ivailable  which  may  differ  in  their  visual  impact.  If  the  likes 
)r  dislikes  of  the  public  for  these  alternatives  can  be  pre- 
licted,  the  manager  has  a  basis  for  comparing  the  costs 
igainst  esthetic  benefits  in  planning. 

There  are  some  obvious  problems  in  attempting  to  mea- 
iUre  and  compare  visual  quality.  Many  psychometric  tech- 
tiques  have  been  used  in  attempting  to  measure  viewers' 
esponses  (Arthur  and  Boster  1976)  The  technique  used 
n  these  studies  is  the  Scenic  Beauty  Estimation  (SBE) 
fechnique  (Daniel  and  Boster  1976).  This  procedure  con- 
iists  of  showing  a  series  of  randomly  selected  slides  of  an 
irea  to  panels  of  viewers  who  make  a  numerical  rating  be- 
ween  0  (dislike)  and  9  (like)  An  SBE  score  and  a  mean 
ating  (raw  arithmetic  mean)  for  each  scene  are  developed 
rom  these  ratings 

The  SBE  score  is  a  sophisticated  measure  of  viewers' 
esponse  based  on  mathematical  transformations  that  take 
nto  account  the  fact  that  some  viewers  use  the  rating  scale 
differently  than  others.  For  homogenous  groups  of  ob- 
iervers,  the  mean  ratings  and  the  SBE  scores  are  usually 
;losely  related  To  simplify  the  presentation,  mean  ratings 
ire  used  in  this  report  because  this  presents  results  in  the 
;ame  units  of  measurement  as  viewers  rated  the  scenes 


The  SBE  scores  were  used  in  analyzing  the  results  while  the 
mean  ratings  and  critical  differences  presented  refer  to  raw 
data.    In  all  cases  these  data  parallel  the  SBE  values. 

The  statistical  data  on  SBE's  mean  ratings,  analyses  of 
variance,  and  tests  of  significance  are  on  file  at  the  Forestry 
Sciences  Laboratory,  fvlissoula,  fVlont 

Scales  such  as  the  0  to  9  scale  used  in  this  study  are  cal- 
led categorical  insofar  as  judgments  are  placed  in  a  small 
number  of  categories  represented  by  integer  numbers 
These  scales  are  ordinal  in  that  they  indicate  order.  A 
scene  given  a  certain  numerical  rating  is  preferred  to  a 
scene  given  a  lower  numerical  rating.  Ordinal  scale  ratings 
do  not,  however,  indicate  how  much  difference  in  prefer- 
ence is  expressed  by  the  two  ratings  That  is,  while  a  rating 
of  4  indicates  a  preference  over  3,  and  a  3  over  a  2,  4  is  not 
twice  as  preferred  as  2  Furthermore,  the  difference  be- 
tween 4  and  3  need  not  be  the  same  as  between  3  and  2 

If  these  were  interval  scales,  the  difference  in  preference, 
say,  between  a  2  and  3  rating  is  the  same  as  between  a  3  and 
4.  The  intervals  are  the  same.  It  is  then  possibletocompare 
scenes  using  conventional  parametric  statistical  tests 
which  are  more  powerful  than  nonparametric  tests  used 
with  ordinal  data 

There  has  been  considerable  debate  as  to  whether  or  not 
parametric  tests  can  be  applied  to  categorical,  ordinal  data 
(Anderson  1972).  Specifically,  parametric  tests  would  be 
used  to  determine  if  ratings  given  to  one  scene  are  statis- 
tically significantly  different  from  another  scene  (i.e., 
scenes  are  drawn  from  different  populations).  We  have 
adopted  this  view  in  the  studies  reported  here  using  mean 
ratings  to  determine  if  there  are  statistically  significant  dif- 
ferences between  scenes 

Furthermore,  we  have  elected  to  treat  mean  ratings  as  if 
they  were  constructed  from  an  interval  scale  and  by  so  do- 
ing compare  mean  ratings  to  show  quantitative  differences 
between  scenes 

There  is  no  "proof"  that  the  rating  scale  used  is  an  inter- 
val scale  The  hazard  in  using  an  ordinal  scale  as  if  it 
were  an  interval  scale  is  that  it  may  erroneously  overstate 
or  understate  the  true  intensity  of  likes  or  dislikes  The 
reader  should,  therefore,  be  aware  that  the  mean  values 
presented  show  quantitative  differences  m  preferences 
only  to  the  extent  the  assumption  of  an  interval  scale  is 
accepted 


RESULTS 

The  scenic  preferences  reported  here  are  from  several 
individual  studies  of  timber  harvesting  and  roadbuilding. 
Usually  several  different  panels  have  been  used  to  replicate 
the  tests  from  a  given  area.  But  since  results  presented 
correspond  to  raw  means  that  have  not  been  tested  be- 
tween panels,  the  reader  is  cautioned  against  making  these 
comparisons;  valid  comparisons  are  limited  to  within- 
panel.  The  studies  are  grouped  together  under  various 
topics  to  highlight  different  aspects  of  the  studies. 

In  total,  the  results  summarize  the  ratings  of  approxi- 
mately 15  panels  with  an  average  of  about  30  viewers  per 
panel.  Each  viewer  rated  140  to  200  slides,  for  a  total  of 
about  75,000  individual  viewer-rating  responses. 

Undisturbed  Forests: 
The  "Baseline" 

Often,  when  a  timber  harvest  or  similar  activity  is 
planned,  the  impact  is  assessed  by  comparing  it  to  the 
undisturbed  preharvest  condition.  This  raises  the  question 
of  how  viewers  rate  different  undisturbed  "baseline"  forest 
scenes. 

Several  panels  were  used  in  rating  scenes  from 
undisturbed  forests.  Only  mature  forests  were  used  in 
this  evaluation  since  this  is  where  most  harvesting  is 
done.  The  views  represented  were  what  a  person  would  see 
in  the  foreground  either  in  walking  or  driving  through  the 
stand.  Color  slide  pictures  were  taken  in  random  directions 
at  random  points  in  the  stand.  About  25  slides  were  taken 


in  each  stand  to  allow  a  random  sample  to  be  shown  to  th 
viewer  panel.  Panels  were  shown  slides  of  different  scene 
in  random  order,  and  they  rated  each  slide  on  the  0  to 
scale.  The  mean  ratings  of  all  slides  in  a  given  stand  wer^ 
then  compiled,  along  with  the  SBE  ratings,  as  describe  I 
in  the  SBE  technique. 

The  ratings  given  by  panel  viewers  for  different  matur  j 
forest  scenes  are  shown  in  figure  1 ,  along  with  some  typiCc 
photos  of  the  scenes  being  rated.  It  should  be  recognizee 
that  the  photos  in  figure  1,and  in  others  that  follow,  are  onl, 
typical  of  what  the  viewers  rated.  In  the  actual  evaluatioi 
they  rated  five  to  ten  slides  of  each  forest  condition,  anc 
the  ratings  shown  are  the  mean  ratings  of  all  those  slide;; 
for  all  judges.  The  ratings  in  figure  1  show  the  range  itrl 
ratings  given  by  different  panels.  Extensive  repetition  anc: 
testing  indicates  that  the  rankings  of  different  scenes  art; 
nearly  always  the  same  between  panels. 

The  rating  of  mature  forest  scenes  was  usually  towarcj 
the  "like"  end  of  the  scale,  with  some  difference  in  mear- 
ratings  between  stands  of  different  species.  These  stand;; 
were  somewhat  open  with  little  or  no  debris  evident! 
Ratings,  however,  were  significantly  lower  in  a  decaden 
lodgepole  pine  stand  that  had  a  large  amount  of  down 
material,  even  though  there  had  been  no  logging.  The  SBE: 
method  as  used  in  these  studies  did  not  determine  whicfi 
elements  of  a  scene  contribute  to  likes ordislikes;  however 
the  preference  for  open  and  natural  looking  conditions  and 
a  dislike  for  clutter  and  debris  is  borne  out  in  studies  byy 
Arthur  (1977)  and  Daniel  and  Schroeder  (1980).  Detailecd 
summary  of  the  mean  ratings  is  given  in  table  1. 


Table  1.~Mean  ratings  of  mature  forest  stands 


Species  type 


Viewer  panel' 


Larch 

Douglas-fir 

Grand  fir 

Lodgepole  pine: 
meadow/  edge 
mature  stand 
decadent  stand 

(Critical  diff.)-^ 


6  27 


6.22 
5.79 
4.30 

(.60) 


629 


6  15 
593 
4,72 
(.60) 


-Meanrating- 
739 


6  56 
6  72 
4  58 
(.60) 


6.60 


6.92 
6.19 
4.98 
(.60) 


6.17 
526 

5  84 

568 
5  12 
422 
(.45) 


Panel  numbers  refer  to  following 

1  University  of  Montana  psychiology  students,  1973 

2  University  of  IVIichigan  psycriology  students.  1973, 

3  IVIontana  public  school  teachers,  1973, 

4  USDA  Forest  Service  researchers.  1973. 

5  University  of  Montana  forestry  students,  1980 

Differences  between  means  that  exceed  this  are  significant  at  the  0  95  level 
'This  panel  did  not  evaluate  this  scene 
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Harvested  Areas 

A  number  of  harvesting  sites  were  studied  to  compare 
the  visual  impact  of  alternative  harvesting  methods  used, 
and  to  determine  how  rapidly  areas  receiving  different 
treatments  recover  over  time. 

One  lodgepole  pine  stand  in  the  Teton  National  Forest 
(now  Bridger-Teton)  was  clearcut  in  1971  and  four 
methods  were  used  in  treating  residues:  (1)  near- 
complete  removal  of  residues  from  the  site;  (2)  residues 
chipped  and  spread  back  over  the  ground;  (3)  residues 
tractor  piled  into  windows  and  burned;  (4)  residues  broad- 
cast burned  (that  is,  without  piling). 


The  panel  ratings  of  these  treatments  of  the  first  years 
after  harvest  are  shown  in  figure  2.  Treatments  were 
rated  low  by  all  panels  the  first  year  but  piled/burned  was 
rated  higher  in  year  5.  One  panel  rated  all  treatments  in 
later  years.  Their  ratings  suggest  only  small  differences 
among  treatments,  with  residue  removed  rated  higher. 
This  may  have  practical  significance  to  the  land  manager 
since  there  is  a  growing  trend  toward  utilizing  more  of  the 
residue  fiber  from  a  site  which  results  in  near-complete 
residue  cleanup.  As  to  the  other  treatments,  it  again 
appears  that  debris  is  a  factor  in  detracting  from  a  site. 
Detailed  summary  of  this  study  is  table  2. 


Table  2."Mean  ratings  of  lodgepole  pine  harvest  areas,  Teton  National  Forest,  Wyoming 


Treatment 


Viewer  panel' 


Meadow-forest  edge 

622 

Mature,  uncut 

5  79 

Residues  removed 

Year  1 

1.39 

Year  5 

* 

Residues  chipped  and 

spread  on  site: 

Year  1 

2  13 

Year  5 

• 

Residues  piled/burned 

Year  1 

1,19 

Year  4 

Year  5 

222 

Residues  broadcast  burn 

Year  4 

(Critical  diff,)' 

(.60) 

6  15 
593 

1  52 


297 

1  46 

2  65 

(.60) 


'Panel  numbers  refer  to 

1  University  of  Montana  psychology  students,  1973, 

2  University  of  Mictiigan  psychiology  students,  1973, 

3  Montana  public  scfiool  teacfiers,  1973, 

4  USDA  Forest  Service  researctiers,  1973. 

5  University  of  Montana  psycfiology  students,  1977 
■This  panel  did  not  evaluate  this  treatment 

Differences  between  means  that  exceed  this  are  significant  at  the  0  95  level 


-Meanrating- 
656 
672 

1  04 


233 

1  07 
1  99 

(.60) 


6.92 
6.19 

2.15 


244 

1.37 
2.80 

(.60) 


7  43 

5  75 

3  09 

361 

2  71 

225 

240 

250 

296 

247 

(.86) 
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Similar  results  were  noted  in  an  old  growth  Douglas- 
fir  forest  (Coram  Experimental  Forest,  Montana)  where 
near-complete  removal  of  residues,  broadcast  burning, 
and  protection  of  an  advanced  understory  were  used  in 
clearcut  and  partial  cut  (shelterwood)  units.  There  were 
differences  in  ratings  that  have  both  practical  and 
statistical  significance: 

(1)  The  mature  uncut  stand  was  preferred  to  every  har- 
vested area,  particularly  to  the  first  years  after  harvest. 

(2)  Shelterwood  harvest  was  usually  preferred  to  clear- 
cuts,  regardless  of  residue  treatment. 

(3)  Residue  removed  treatment,  which  included  cutting 
and  removing  the  understory,  was  rated  about  the  same 
as  protecting  the  understory  (within  a  given  cutting 
method). 

(4)  Ratings  increased  in  the  years  after  harvest  for  all 
treatments,  although  in  some  cases  the  year-to-year 
changes  were  not  significantly  different. 

As  in  the  lodgepole  pine  study  reported  above,  dis- 
turbance and  debris  appeared  to  influence  ratings, 
particularly  in  the  first  year.  By  the  second  and  third 
years  undergrowth  vegetation  had  begun  to  cover  soil 
disturbance  and  debris,  and  ratings  were  higher.  The 
ratings  in  shelterwood  residue  removed  were  higher  than 
clearcut  residue  removed,  and  also  higher  than  any  residue 
burned  treatment,  probably  because  undergrowth  still  did 
not  cover  the  partially  burned  larger  residue  material. 

Ratings  are  illustrated  in  figure  3,  ?  1  detailed  data 
presented  in  table  3. 


Table  3.--Mean  ratings  of  timber  harvest  by  skyline  logging  in 
Douglas-fir/larch,  Coram  Experimental  Forest 


Treatment 


Viewer  Panel' 


1 

2 

UNCUT  STAND 

7.59 

7.02 

SHELTERWOOD 

Residue  burned: 
First  year 
Second  year 

2.96 
3.43 

4.06 

Residue  removed: 
First  year 
Second  year 
Third  year 

392 
6.07 
6.54 

594 

Protect  understory 

5.46 

5.74 

CLEARCUT 

Residue  burned: 
First  year 
Second  year 

1.29 
363 

274 
276 

Residue  removed: 
Second  year 
Third  year 

3.27 
5.04 

309 

4.92 

Protect  understory 
(Critical  diff  )^ 

(1.08) 

4.97 
(.97) 

Panel  1.  University  of  Montana  psychology  students.  1976 
Panel  2.  University  of  Montana  forestry  students,  1976 
■Differences  between  means  that  exceed  this  are  significant  at  the  0  95  5i 
level 
"This  panel  did  not  evaluate  the  scene. 
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Winter  versus  Summer 

One  area  studied  is  used  heavily  forcross-country  skiing, 
and  an  evaluation  was  made  of  botti  summer  and  winter 
ratings.  A  mixed-age  stand  of  Douglas-fir  and  larchi  was 
harvested  using  clearcut,  overstory  removal,  and  under- 
story  removal.  Near-complete  removal  of  residue  was 
done  on  portions  of  the  cutting  units,  and  lopping  and 
scattering  the  residues  on  another  portion.  The  residue 
treatments  were  rated  about  the  same  with  snow  cover,  but 
m  summer  the  near  complete  removal  treatment  was  rated 
higher  in  the  understory  cut  unit  (fig.  4). 


Winter  ratings  were  nearly  the  same  for  all  units, 
probably  because  snow  covered  most  of  the  debris  and 
disturbance.  In  the  understory  removal  treatment,  how- 
ever, the  summer  rating  was  high  for  residues  removed. 
This  was  probably  because  there  was  so  little  residue 
remaining  in  this  unit  that  the  first  year's  growth  of 
small  vegetation  covered  the  debris,  whereas  in  the  over- 
story  and  clearcut  units  the  disturbance  was  still  quite 
visible  the  first  summer. 

Detailed  data  on  these  units  and  adjacent  uncut 
stands  are  summarized  in  table  4. 


Table  4.  -Mean  ratings  of  Douglas-fir/larch  tractor  logging,  Lubrecht  Experimental  Forest, 
winter  and  summer 


Treatment 


Viewer  paneM 


UNCUT 

WINTER,  first  year 

Understory  removed 
Overstory  removed 
Clearcut 

SUtViruiER.  first  year 

Understory  cut 
residue  removed 
residue  remain 

Overstory  cut 
residue  removed 
residue  remaining 

Clearcut 

residue  removed 
residue  remain 

(Critical  diff  ) 


5.12 


4.93 
4.44 
4.10 


(.63) 


Mean  rating 

541 

501 

4  63 

4  07 

(.60) 


609 
4,42 

348 
2,87 

239 
222 
(.84) 


Panel  1     University  of  fvlonlana  psychology  students.  1978, 

Panel  2    University  of  IVIontana  forestry  students.  1978. 

Panel  3    University  of  IVIontana  psycfiology  students.  1979 

Differences  betvi/een  means  tfiat  exceed  ttiis  are  significant  at  ttie  0  95  level 

'Ttiis  panel  did  not  evaluate  ttiis  treatment 
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Changes  Over  Time  After 
Harvest  in  Clearcuts 

The  above  studies  apparently  show  that  viewers'  ratings 
of  post-harvest  activities  are  related  to  the  length  of  time 
the  area  has  for  recovering  as  well  as  to  different  treat- 
ments. In  both  the  Teton  and  Coram  study  areas  cited 
above  an  improvement  of  viewers'  rating  was  often  noted 
in  later  years. 

We  hypothesized  that  changes  in  viewer  ratings  after 
harvest  are  related  to  growth  in  vegetation,  since  this  is 
the  principal  visual  change  on  the  site.  To  evaluate  the 
effect  of  vegetation  development,  we  selected  and 
photographed  a  series  of  sites  at  different  stages  of 
succession  following  harvest.  Two  forest  types  were  in- 
cluded: lodgepole  pine  and  Douglas-fir/larch.  The  stages 
we  included  were:  first  year  after  treatment:  several  years 
later  when  herbs,  grass,  shrubs,  etc.,  had  developed  so  as 
to  give  a  "green"  appearance:  later,  when  young  trees 
began  to  be  distinguishable  (usually  5  to  15  years):  later 
when  the  young  stand  is  large  enough  to  be  considered  an 
established  vigorous  forest  (about  25  to  50  years),  and 
finally  when  the  stand  has  reached  maturity.  To  assure 
reasonable  comparison  we  selected  only  sites  that  had 
been  clearcut  and  burned  (except  for  the  mature  stands 


where  origin  could  not  be  identified,  but  probably  is 
not  important  at  that  age). 

The  ratings  by  panel  5,  shown  in  figure  5,  typified  the 
trend  in  ratings  we  had  expected.  Both  the  Douglas-fir 
and  larch  (DF/L)  and  the  lodgepole  pine  (LPP)  harvest 
areas  were  rated  low  initially.  About  10  years  after 
harvest  the  DF/L  had  reached  a  point  on  the  "like"  portion 
of  the  scale,  probably  because  these  stands  are  on  moist 
sites  that  "green  up"  quickly  (undergrowth  is  lush)  and 
trees  begin  to  grow  rapidly.  LPP  took  longer  to  reach  this 
point  reflecting  the  generally  sparser  vegetation  and 
slower  tree  growth.  When  stands  had  reached  heights  of 
about  25  to  75  feet  and  crowns  were  green  and  vigorous, 
ratings  were  the  highest. 

In  mature  stands  aged  150  years  or  more,  ratings  were 
lower.  We  can  speculate  that  this  is  due  to  more  dead 
material  and  debris,  and  also  that  the  mature  stands  with 
a  high  dense  canopy  are  darker  and  more  enclosed  than  in 
younger  stands.  The  exact  age  or  condition  at  which 
ratings  begin  to  decline  could  not  be  determined  from  this 
preliminary  study.  Such  information  might  be  useful  in 
managing  such  areas  as  campgrounds,  recreation  areas, 
and  nature  trail  areas.  Detailed  ratings  of  this  study  are 
in  table  5. 


Table  5.~Mean  ratings  of  lodgepole  pine  and  Douglas-fir/larch  forests  over  time  following  clearcut  harvest  and  slash  burning 


Type  of  forest  and 
years  after  harvest 


Viewer  panel' 


Douglas-fir/larch 
1-2 
5 
10 
18 
23 

30-50 
Mature  (150) 


2,76 
3  66 

6,12 
6  04 

627 


4.80 

6.21 
6.63 

6.29 


-Meanrating- 


323 


6.51 
7  23 

7  39 


396 

5,56 
5  89 

660 


222 

5  15 


681 
5  9^ 


Lodgepole  pine 

1-2 

4-5 

15-20 

2550 

Mature  (150) 
(Critical  diff  ) ' 


1  19 

2  22 


4.30 
(.60) 


1.46 
2.65 


4.70- 
(.60) 


1,07 
1,99 


458 
(.60) 


1  37 
280 


498 
(.60) 


2,37 
5,51 
7  33 
5,50 
(.84) 


Panel  numbers  refer  to  following 

1  University  of  IVlontana  psyctiology  students.  1973. 

2  University  of  Mictiigan  psyctiology  students,  1973, 

3  Montana  public  school  teachers,  1973: 

4  USDA  Forest  Service  researchers,  1973, 

5  University  of  Montana  psychology  students,  1979 

Differences  between  means  that  exceed  this  are  significant  at  the  0  95  level 
'This  panel  did  not  evaluate  this  scene 
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Figure  5 — Esthetic  rating  over  time  following  clear- 
cutting. 
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Roads  and  Trails 

Much  of  the  visitors'  view  of  the  forest  landscape  is 
seen  from  a  car  along  a  road,  or  from  a  trail.  Studies  by 
Schroeder  and  Daniel'  show  the  SBE  method  can  be  used 
to  evaluate  viewers'  perceptions  of  roads 

In  a  study  of  the  Coram  Site  in  Montana  reported  earlier, 
we  found  that  people  appeared  to  prefer  older  roads  with 
established  vegetation  along  side  and  that  their  dislike 
for  new  construction  increased  with  the  amount  of  bare 
earth  and  rock  exposed  (See  Schweitzer,  Ullrich,  and 
Benson  1976.)  We  further  explored  these  observations  in 
two  other  areas:  in  a  grand  fir  forest  area  (Horse  Creek, 
Nezperce  National  Forest,  Idaho)  where  new  roads  and 
reconstruction  of  existing  roads  are  planned;  and  in  Silver 
Creek  (Boise  National  Forest,  Idaho)  where  reconstruction 
is  planned  for  an  existing  road  on  fairly  steep,  erodible 
granitic  soil.  Our  study  compares  uroaded  conditions, 
existing  road  conditions,  and  in  the  future  will  include 
postconstruction  evaluation. 

Figure  6  and  table  6  show  that  the  highest  ratings 
were  in  the  grand  fir  forest  where  an  existing  road 
crossed  small  streams  and  springs.  The  existing  road, 
where  well  vegetated,  seemed  to  be  slightly  preferred  to 
even  the  unroaded  forest  as  seen  along  the  location  trail 
which  had  been  put  in  prior  to  constructing  new  roads. 
Wherever  there  were  signs  of  disturbance  to  soil  or 
vegetation  the  ratings  were  lower. 

The  lowest  rating  was  given  to  an  existing  road  on  the 
dry  erodible  Douglas-fir  hillside.  This  is  an  old,  poorly 
located  road  on  the  Boise  National  Froest  that  has 
eroded  in  places,  exposing  bright  soil  and  rock  in  sharp 
contrast  to  the  surrounding  forest. 

Schroeder,    Herbert  W,  and   Terry  C    Daniel   |ln   press)    Predicting   the 
scenic  quality  of  forest  road  corridors     In  "Environment  and  Behavior  " 


This  section  of  road  is  poorer  than  most  in  the  area,  but 
was  included  to  provide  an  estimate  of  the  esthetic 
consequences  of  poor  roads  and  deterioration.  We  expect 
that  in  this  area  a  trail  or  modest,  well  constructed  road 
would  have  a  fairly  high  rating  because  the  forest  is  more 
open  and  has  more  visual  variety  than  the  grand  fir  forest. 

In  figure  6,  there  was  not  much  difference  in  ratings 
except  where  there  was  obvious  soil  disturbance.  But 
from  a  practical  standpoint,  their  ranking  is  consistent 
with  the  idea  that  things  looking  orderly  and  natural  are 
preferred  to  evidence  of  disturbance  and  deterioration. 
The  detailed  ratings  are  summarzied  in  table  6. 

Table  6.— Mean  ratings  of  roads  and  trails 


Area  and  condition 


Viewer  paneP 


Horse  Creek,  grand  fir  type,  Nezperce  National  Forest 
Existing  road,  typical 
Existing  road  at  stream  crossing 

and  openings 
Existing  road  with  cut  bank 
Trail  with  some  vegetation  cut 
Trail  with  soil  distrubed 


Silver  Creek,  Douglas-fir  and  ponderosa  pine,  Boise 
National  Forest 

Old,  poor  road  with  sidecut 
erosion 

(Critical  diff.)-' 


6.33 
6.55 

5.60 
5.28 
3.61 


2.85 


(1.08) 


'University  of  Montana  psychology  students  Replication  of  this  evaluation 
planned  m  connection  with  post-road  construction  study  See  "Horse 
Creek  administrative  -  research  study  site,  Nezperce  National  Forest 
Study  Plan  No  4  (Esthetic  evaluation)  1977,"  on  file  at  Forestry  Sciences 
Laboratory,  Missoula,  and  Nezperce  National  Forest  supervisor's  office 
and  Selway  Ranger  District 

'Differences  between  means  that  exceed  this  are  significant  at  the  0  95 
level. 
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CONCLUSIONS  AND  COMMENTS 


PUBLICATIONS  CITED 


The  above  studies  represent  an  effort  to  measure  the  visual 
impact  of  various  harvesting  and  roading  activities  using 
primarily  one  technique— the  Scenic  Beauty  Estimation 
Method— as  a  basis  for  quantifymg  viewers'  ratings  of 
visual  quality.  Any  attempts  to  quantify  something  as 
elusive  as  "scenic  beauty,"  or  more  specifically  the 
perception  of  scenic  beauty  by  many  individual  viewers 
cannot  be  precise,  and  the  SBE  method  like  any  other  has 
inherent  limitations  and  shortcomings. 

Nevertheless,  the  case  studies  here  have  provided  a 
good  insight  to  public  likes  and  dislikes  for  different 
activities  affecting  the  landscape.  The  SBE  method's  use  of 
slides  and  panel  viewers  is  a  convenient  way  of  obtaining 
public  opinion,  at  a  fraction  of  the  cost  of  taking  people  out 
on  the  site. 

Specifically,  these  studies  indicate  that: 

1.  In  forest  landscapes  people  like  natural  and  orderly 
scenes  as  opposed  to  disturbed,  disorderly  ones. 

2.  Revegetation  and  tree  growth  following  disturbance 
improves  viewer's  ratings  over  time. 

3  The  ability  to  quantify  viewers'  ratings  of  different 
treatments  and  changes  in  ratings  over  time  following 
treatments  gives  managers  a  tool  for  comparing  how 
much  visual  benefit  is  gained  using  one  treatment  versus 
another. 

At  the  same  time  it  should  be  recognized  that  many 
other  techniques  can  be  used  to  measure  viewers'  ratings 
of  scenic  beauty  and  to  extend  the  findings  reported  here. 
For  example,  techniques  have  been  developed  to  identify 
what  features  in  a  given  scene  are  liked  or  disliked,  and 
what  impact  extraneous  features  have  on  the  perception 
of  the  scene  under  view  (Swanson  1976;  Touzeau  1976). 

Throughout  these  studies  questions  were  asked  as  to 
how  ratings  might  be  affected  if  a  group  were  given  an 
interpretive  presentation  on  timber  harvesting,  or  how 
different  groups,  such  as  environmentalists,  differ  from, 
say,  loggers  in  their  ratings  of  harvested  areas.  These 
are  highly  relevant  questions  to  land  managers,  but 
were  beyond  the  scope  of  these  studies.  We  would  note, 
however,  that  although  the  viewer  panels  represented  a 
wide  variety  of  interests,  from  school  teachers  to  forestry 
students  to  timber  industry  representatives,  scenes  were 
ranked  in  the  same  order  of  relative  like  or  dislike  in 
virtually  every  evaluation,  regardless  of  the  group.  Very 
similar  results  were  reported  by  Daniel  and  Boster  (1976) 
in  a  comparison  of  26  different  groups. 

In  light  of  these  results,  the  case  studies  reported  here 
can  be  considered  as  indicators  of  the  public's  reaction  to 
different  harvesting  and  roading  activities. 
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The  visual  impact  of  various  timber  harvest  and  road  construction  alternatives 
was  measured  using  the  Scenic  Beauty  Estimation  Method.  Panels  of  viewers 
rated  color  slides  on  a  0  to  9  scale  of  "dislike"  versus  "like."  Numerous  case 
studies  have  shown  the  method  gives  consistent  and  reliable  measures  of  viewer 
preferences.  In  general,  partial  harvesting  is  preferred  to  clearcutting;  the  less 
logging  debris,  the  higher  the  preference,  and  the  less  soil  disturbance  and  more 
revegetation  along  roads,  the  higher  the  preference. 


KEYWORDS:  esthetics,     landscape    management,     visual    quality,     logging, 
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RESEARCH  SUMMARY 

Potential  gains  from  tree  improvement  of  ponderosa  pine  in 
southern  Idaho  were  assessed  after  15  years  of  field  testing. 
From  a  comparison  of  progenies  of  268  half-sib  families  from  37 
populations  growing  at  four  test  locations,  genetic  gains  in  15- 
year  height  were  related  to  (1)  seed  collections  within  seed  zones, 
(2)  seed  collections  from  selected  populations  within  seed  zones, 
and  (3)  seed  orchards  developed  after  family  trials. 

?uialysis  of  population  differentiation  provided  bases  for  re- 
evaluation  of  seed  transfer  guidelines.   In  general,  seed  for 
reforestation  may  be  transferred  from  the  collection  area  (1) 
+  750  ft  (230  m)  elevation,  (2)  +  50  miles  (0.7  degrees)  latitude, 
and  (3)  +50  miles  (1.2  degrees)  longitude.   In  addition,  a  gain 
of  about  4  percent  in  15-year  height  can  be  expected  from  seed 
collections  in  populations  of  highest  mean  performance. 

Quantitative  genetic  analyses  provided  estimates  of  the 
additive  genetic  variance  and  phenotypic  variance  required  for 
predicting  gains  in  15-year  height  after  seed  orchards  are 
developed  from  family  trials.   Depending  on  the  intensity  of 
family  selection  and  individual  selection  within  families,  genetic 
gains  of  8  to  14  percent  can  be  expected  from  seed  orchards. 
Realization  of  these  gains  requires  seed  orchards  to  be  composed 
of  less  than  150  genotypes. 
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INTRODUCTION 

The  basis  for  a  practical  tree  improvement  program  of  ponderosa  pine  in  southern  Idaho  is 
contained  in  16-year  old  family  evaluation  tests.   As  detailed  in  preceding  publications  (Wang 
1967;  Wang  and  Patee  1974,  197b;  Rehfeldt  1980),  primary  objectives  of  the  tests  arc:   to 
develop  seed  zones  and  seed  transfer  guidelines  that  account  for  genetic  adaptations  to 
natural  environments,  to  identify  outstanding  individual  trees  and  populations  from  which 
wind-pollinated  seeds  will  provide  genetic  gains  to  artificial  reforestation,  and  to  provide 
materials  and  information  prerequisite  to  future  breeding  programs. 

The  present  analyses  of  16-year  height  utilize  experimental  materials  more  fully  described 
in  a  series  of  papers  that  have  assessed  performance  at  ages  3,  8,  and  11.   Test  plantations 
currently  require  thinning;  therefore,  it  is  appropriate  to  consider  alternative  plans  for  the 
future  research  program  and  for  development  of  seed  orchards. 

MATERIALS  AND  METHODS 

Wind-pollinated  cones  had  been  collected  from  1  to  10  trees  in  each  of  37  populations. 
Populations  were  separated  by  about  1  000  m  in  elevation  and  2  degrees  in  latitude  and  longi- 
tude; they  also  represented  habitat  types  that  ranged  from  the  relatively  dry  Pinus 
ponderosa/Purshia    tridentata   to  tlie  relatively  moist  Abies   grandis/Vaccinium  globulare . 
Thereby,  much  of  the  geographic  distribution  and  ecological  amplitude  of  the  species  in  south- 
west Idaho  was  represented.   Seedlings  from  268  families  were  planted  in  four-tree  row  plots 
in  each  of  10  blocks  at  four  planting  sites.   About  1.5  m  separated  trees  within  rows;  3  m 
separated  rows.   Test  sites  included  Idaho  City  (1  200  m  elevation),  Holcomb  (1  100  m) ,  in  the 
southern  portion  of  the  region;  and  Boulder  Creek  (1  430  m)  and  Jack's  Creek  (1  650  m)  in  the 
north.   Since  the  last  report  of  this  series  (Rehfeldt  1980),  the  plantation  at  Boulder  Creek 
was  thinned:  the  two  shortest  trees  in  each  family  plot  were  removed,  and,  at  Jack's  Creek, 
three  replicates  of  exceptionally  low  survival  were  destroyed. 

Statistical  analyses  for  assessing  population  differentiation  and  quantitative  genetics 
were  made  on  the  16-year  height  of  individual  trees.   An  appropriate  analysis  would  involve 
calculation  of  main  effects  for  sites  and  populations;  nested  effects  of  blocks  in  sites  and 
families  in  populations;  four  interactive  effects;  and  variance  within  plots.   As  explained 
previously,  however,  imbalances  in  the  original  design  were  accentuated  by  survival  percentages 
that  ranged  from  22  to  80,  percent  at  the  four  test  sites.   Because  missing  data  were  excessive, 
least  squares  analyses  were  required  for  accurate  estimation  of  variance  components.   Yet,  the 
large  size  of  the  matrix  needed  for  a  single  analysis  precluded  inversion.   Consequently, 
statistical  analyses  were  completed  in  separate  stages. 

Population  differentiation  was  assessed  from  a  least  square  anal\'sis  of  variance  (table 
1).   One  population,  represented  by  a  single  family,  was  excluded  from  analyses.   In  addition 
to  assessing  differentiation,  this  analysis  allowed  calculation  of  least  square  means  for 
populations  within  and  among  planting  sites.   These  means  were  used  in  all  subsecjuent  compar- 
isons of  population  performance;  they  reflect  the  height  expected  if  an  equal  number  of 
observations  had  been  available  for  each  population  in  each  block  at  all  planting  sites. 
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Table  l.--Form  and  results   of  analysis   of  variance   of  population  performance   for  height   at   age   16 


Source  of  variance    Degrees  of  freedom 


Components  expected  in  each  mean  square 


Mean  square 


Sites 

Blocks  in  sites 
Populations 


3 
30 
35 


Populations  x  sites  105 

Residual  6125 


4 

a2  +  43.74o2g  +  174. 210^ 


+  203.43ai^,^  +  1503. 950^ 

D/  J  O 

.  203.43a2/3 


489,559 

144,829 

27,335 

7,952 

5,124 


18.21* 
3.44*'! 
1.5S 


'Statistical  significance  at  the  1  percent  level  of  probability. 

Patterns  of  population  differentiation  were  related  to  physiognomic  criteria  of  the  seed 
source  by  multiple  regression: 

where  ' 

y .  =  least  squares  mean  for  population  i  on  all  sites  as  calculated  in  preceding  analysis, 

jbQ  =  intercept, 

bi  to  2)3  -   regression  coefficients, 

Xi    to  X3  =  independent  variables  of  elevation  (meters) ,  latitude  (degrees  -40)  and 
longitude  (degrees  -100) ,  respectively. 

Effects  of  habitat  types  (recurring  plant  communities  of  potential  climax)  on  population 
differentiation  were  also  tested  in  multiple  regression  analyses.   For  these  tests,  the  previous 
model  was  adjusted  by  including  constant  terms  for  each  habitat  type  represented  by  the  36  popuL  i| 
tions.   But,  as  shown  previously  (Rehfeldt  1980),  inclusion  of  the  effects  of  habitat  types  did 
not  improve  the  fit  of  the  data  to  the  model.   Habitat  types  apparently  have  little  effect  on 
differentiation  and  are  subsequently  ignored. 

The  regression  model  presented  above  was  also  used  on  least  squares  mean  height  of  popula- 
tions from  each  of  the  four  sites.   As  detailed  later,  however,  the  mean  height  of  populations 
between  ages  11  and  16  was  so  strongly  correlated  among  sites  that  the  results  of  the  separate 
regression  analyses  essentially  duplicated  those  presented  previously  (Rehfeldt  1980).   Conse- 
quently, results  of  separate  analyses  for  each  site  are  not  presented. 

Guidelines  for  seed  transfer  were  developed  from  patterns  of  population  differentiation. 
According  to  techniques  used  previously  (Rehfeldt  1979),  the  analysis  of  variance  allows 
calculation  of  the  least  significant  difference  (Isd)    among  population  means  that  provide  for 
statistical  detection  of  mean  differences  at  given  levels  of  probability  (Steele  and  Torrie 
1960).   A  value  of  Isd   was  calculated  at  the  relatively  low  level  of  probability  of  0.2  in 
order  to  guard  against  making  the  error  of  accepting  no  differences  among  populations  when 
differences  actually  exist.   Then,  the  expression  lsd[Q.2)/b,    where  b   is  the  regression 
coefficient,  provides  the  distance  in  elevation,  latitude,  and  longitude  associated  with  mean 
differences  at  the  80  percent  level  of  probability.   These  distances  are  proposed  as  guidelines 
for  limiting  seed  transfer. 

Possible  genetic  gains  within  seed  zones  were  estimated  from  quantitative  genetic  analyses 
made  for  each  site  according  to  a  model  of  random  effects  (table  2) .   These  analyses  allowed 
estimates  of  family  heritabilities ,  individual  heritabilities,  and  genetic  gains  expected 
after  alternative  plans  of  seed  orchard  development.   Estimates  of  genetic  gains  from  family 
selection  and  individual  selection  within  families  followed  Namkoong  (1979) . 


Table  2. --Form  of  analyses    of   variance    for   quant  i  tat  i  vt^   genetics 


Source  of  variance 


l.xpccted  mean  si,uarcs' 


Blocks 


-w  .  .^  "i, 


+  k. 


Populat ions 


I  "I,      3   [-/I'      1   P 


Families  in  populations 


-W  .  ;:j  0^   .  ,,  Of, 


17  n 


txperimental  error 


'W  t  A- 


1  't 


Within 


^Contains  all  sources  of  variance  involving  interaction  of  blocks 
■-where : 


Holcomb 

Idaho  City 

Bou 

Ider  Creek 

.lack's  Creek 

'l  = 

1.83 

1.90 

1.89 

1  .56 

''t  = 

11.36 

16.04 

16.29 

4.70 

'^3   = 

12.01 

16.83 

16.75 

5.27 

^=4  = 

74.50 

109.04 

110.47 

50.45 

h   - 

334.56 

377.89 

397.03 

177.01 

RESULTS  AND  DISCUSSION 
Population  Differentiation 

Analyses  of  population  differentiation  readily  detected  mean  differences  among  populations 
across  all  planting  sites  (table  1).   But,  main  effects  of  sites  were  also  significant,  and 
populations  tended  to  perform  differently  at  the  various  planting  sites.   The  interaction 
apparently  arises  from  expression  of  differential  adaptations  of  populations  at  planting  sites 
that  encompass  a  large  elevational  (550  m)  and  latitudinal  (>  1  degree)  range. 

Least  square  mean  heights  and  physiognomic  criteria  of  the  seed  sources  are  presented  in 
table  3.   These  means  are  representative  of  mean  performance  across  all  four  test  sites,  and, 
therefore,  they  are  confounded  by  interactions  between  genoty]:)e  and  environment.   But,  simple 
correlation  coefficients  (r)  of  mean  height  for  populations  at  each  site  and  least  square 
means  ranged  from  0.64  to  0.85.   The  high  values  of  these  correlation  coefficients  suggest 
that  confounding  of  means  by  genoty^Te-environment  interactions  is  small.   Least  square  means 
apparently  reflect  an  average  performance  suitable  for  assessing  differentiation  in  relation 
to  physiognomic  criteria  of  the  seed  source.   But,  because  the  correlations  were  not  perfect, 
differentiation  also  was  assessed  from  performance  at  each  site. 


Table  i . --Location  and  least   square  mean  height  of  populations  according  to  origin 


Popul a- 
t  ion 


Location 


Latitude 


Number 

Degrees 

1 

Anderson 

44.55 

2 

Mill  Creek 

44.45 

5 

Camp  Creek 

44.62 

6 

Crawford 

44.53 

9 

Warm  Springs 

Ridge 

43.85 

11 

Lester  Creek 

43.62 

14 

Sagehen 

44.32 

15 

Third  Fork 

44.37 

16 

Powellson  Creek 

44.78 

17 

Circle  Creek 

45.05 

18 

Bear  Creek 

43.95 

19 

Idaho  City 

43.72 

22 

South  Fork 

Payette  River 

44.07 

23 

Mill  Creek 

44.67 

24 

Pine  Creek 

44.70 

25 

Babbit  Crgek 

43.80 

26 

Mica  Creek 

44.60 

27 

Cabin  Creek 

44.63 

28 

Mud  Creek 

45.05 

29 

Rough  Creek 

44.90 

35 

Dutch  Creek  A 

43.80 

38 

Circle  "C" 

45.05 

39 

Meadow  Valley 

44.98 

41 

Dutch  Creek  B 

43.73 

42 

Trail  Creek 

43.60 

46 

West  Fork  Creek 

44.30 

47 

Garden  Valley 

44.07 

50 

Bumgartner 

43.62 

53 

Camp  Creek 

44.88 

54 

Zena  Creek 

45.07 

20A 

Idaho  City 

43.77 

20B 

Idaho  City 

43.87 

21A 

Hazard  Creek 

45.18 

21B 

Scriver  Creek 

44.17 

43A 

Rice  Creek 

45.75 

43B 

Fleming  Creek 

44.03 

Longitude 


Elevation 


Degrees 

116.20 
116.30 
115.65 
115.97 

115.88 
115.38 
116.23 
116.33 
115.87 
116.27 
115.47 
115.72 

115.50 
116.87 
116.83 
115.72 
116.27 
116.27 
116.38 
116.48 
115.37 
116.27 
116.22 
115.45 
115.75 
115.87 
115.93 
115.08 
115.70 
115.75 
115.72 
115.83 
116.30 
116.00 
116.33 
116.10 


Meters 

1520 
1370 
1830 
1460 

1520 
1830 
1580 
1250 
1770 
1280 
1830 
1460 

1220 
1250 
1160 
1950 
1520 
1370 
1520 
975 
1520 
1220 
1220 
1980 
1190 
1370 
1040 
1310 
1220 
1520 
1280 
1280 
1070 
1310 
1430 
1310 


16-year  height 


292 
294 
286 
296 

296 
281 
308 
309 
293 
311 
275 
301 

299 
309 
309 
283 
285 
331 
308 
314 
289 
318 
318 
288 
315 
286 
315 
271 
320 
271 
296 
282 
321 
318 
301 
296 


In  the  multiple  regression  analysis,  elevation,  latitude  and  longitude  of  the  seed  source 
accounted  for  51  percent  of  the  variation  in  mean  performance  of  populations  (table  4). 
Visual  examination  of  the  residuals  from  regression  suggested  that  transformations  of  the 
independent  variables  would  not  necessarily  improve  the  fit.   The  regression  statistics  show 
that  for  an  elevational  gradient  of  1  000  m,  mean  height  of  populations  decreases  by  about  10    j 
percent;  and  across  a  geographic  interval  of  one  degree  of  latitude  or  longitude,  mean  height 
changes  by  3  percent  and  2  percent,  respectively. 

Since  the  simple  correlations  (r)  of  population  means  at  age  16  with  those  at  age  11  were 
0.78,  0.89,  0.93,  and  0.91  at  Jack's  Creek,  Holcomb,  Boulder  Creek,  and  Idaho  City,  respectively, 
it  is  not  surprising  that  multiple  regression  models  that  fit  mean  performance  at  each  site  to 
physiognomic  variables  essentially  duplicated  results  of  similar  models  for  height  at  age  11 
(Rehfeldt  1980) .   Moreover,  models  that  involved  mean  values  of  16-year  height  across  all 
sites  (table  4)  accounted  for  more  variance  than  those  models  involving  11-  or  16-year  height 
at  a  single  site.   Undoubtedly,  analyses  that  combined  observations  from  all  sites  provided 
better  estimates  of  population  means  and  greater  statistical  power  than  previous  analyses  that 
were  made  for  each  site  separately. 


Table    4. --Results   of  multiple    regression   ^.^nal^ses    tni    r^-hitinq   pcj'u !  .it :  < 'H   pft  ' '->rm.irh 
to    [•hysiiign'-'nii  ■.'   iT  j  t''  r  2 .3    of    thi-    ■.'■r'.i    ■.■  •ui  •  ••  • 


Variable 

Regression   coet't'ic 

lent 

'-',0.:, 

b 

Elevation    (.Vi  I 

-O.OJt) 

lOd    III     1  15110    fl  1 

Latitude    (X^) 

8.791 

1  .-l"    1  100    nil  les  ) 

Longitude    [x^] 

5.154 

2.5"    1 120  mi les) 

bo          = 

2b8.84 

R- 

0.51 

s             = 

10.99 

Statistical  analyses  have  detected  differences  among  populations  in  16-year  height  and 
have  related  differentiation  to  geographic  and  ecologic  conditions  of  the  seed  source.   Tlie 
applicability  of  these  results  to  practices  of  seed  zoning  depends  on  the  degree  by  which  tree 
height  reflects  adaptations  to  the  natural  environment.   While  there  is  little  doubt  that  seed 
zones  should  be  based  on  numerous  adaptational  characteristics,  no  data  other  than  heiglit  arc 
available  for  ponderosa  pine  in  southern  Idaho.   But,  adaptations  in  ponderosa  jvinc  may  be 
manifest  much  like  adaptations  in  Douglas-fir  of  north  Idaho:  the  growth,  phenology,  and  cold 
hardiness  of  populations  are  so  highly  intercorrelated  that  variation  among  populations  in  a 
single  character  reflects  numerous  characters  (Rehfeldt  1979).   Consequently,  it  is  assumed 
that  observed  patterns  of  variation  in  16-year  height  of  ponderosa  pine  are  adaptive. 

Table  4  reveals  the  distance  in  elevation,  latitude,  and  longitude  that  is  associated 
with  mean  differences  among  populations  equal  to  a  value  of  isd(o.2)-   At  minimum  distances  of 
1,553  ft  (466  m)  elevation,  100  miles  (1.4  degrees)  latitude,  or  120  miles  (1.9  degrees) 
longitude,  differences  among  populations  are  detectable  with  a  probability  of  80  percent.   Or 
as  a  corollary,  seed  for  afforestation  may  be  transferred  from  the  collection  area:  +_   750  ft 
(230  m)  elevation,  +  50  miles  (0.7  degrees)  latitude  and  +  60  miles  (1.2  degrees)  longitude. 

Yet,  it  should  be  recognized  that  the  recommended  seed  zones  are  based  solely  on  tlic 
probability  of  detecting  differences  in  height  among  populations.   Not  only  do  these  zones 
fail  to  account  for  traits  other  than  height,  they  also  fail  to  account  for  administrative 
factors  such  as  patterns  of  land  ownership  or  location  of  future  planting  programs.   However, 
these  guidelines  can  be  altered  readily  provided  that  an  increased  risk  of  maladaptation  is 
recognized.   A  difference  in  height  of  about  10  percent  can  be  expected  from  populations 
separated  by  1  000  m  (table  4);  populations  separated  by  1  degree  of  latitude  or  longitude  can 
be  expected  to  differ  by  3  percent  and  2  percent,  respectively. 

Genetic  gains  from  tree  improvement  are  readily  attained  by  collecting  seeds  for  refores- 
tation from  natural  stands  of  proven  genetic  value.   For  instance,  if  the  jircsent  region  is 
divided  into  four  zones  separated  at  1  400  m  elevation  and  44.3  degrees  latitude,  a  gain  in 
height  of  about  4  percent  could  be  expected  within  zones  when  seed  collections  are  made  from 
the  following  populations: 

Zone  Superior  populations* 

Low  north  27,38,53,21A 

High  north  14**, 28 

Low  south  42,47,21B 

High  soutli  14**,  19 


*Coded  in  table  3. 

**Suitable  for  both  northern  and  southern  zones. 
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Quantitative  Genetics 

All  mean  squares  associated  with  the  main  effects  of  families  at  each  planting  site 
(table  5)  were  statistically  significant  at  the  1  percent  level  of  probability.   As  a  percent 
of  the  sum  of  variance  components,  the  family  variance  accounted  for  about  4  percent  of  the 
total  variance  and  slightly  more  variance  than  effects  of  populations.   Still,  the  use  of 
these  results  to  estimate  genetic  components  of  variance  (table  6)  needs  explanation. 

Because  of  tlie  methods  of  calculation,  bias  is  introduced  at  four  levels  into  estimates 
of  the  additive  genetic  variance,  phenotypic  variance,  and,  consequently,  heritabilities . 
First,  the  assumption  is  implied  that  families  were  composed  of  half-sibs.   But,  progenies  of 
wind-pollinated  trees  are  slightly  more  closely  related  than  actual  half-sibs  (Namkoong  1966); 
thus,  additive  genetic  variances  (table  6)  are  slightly  overestimated. 

Table   S . --Results  of  analyses  of  variance  of  16-year  height   for  each  location 


Source  of 
variance 


Hoi  comb 


d.f. 


Mean 
square 


Idaho  City 


Mean 
d.f.   square 


Boulder  Creek 


d.f. 


Mean 
square 


Jack's  Creek 


d.f. 


Mean 
square 


Blocks         7 
Populations    36 


544,147    1604      9 
19,786     127     36 


213,488    1037     9   154,743   363     5    178,051    945 
21,302      97    36    30,265    128    36    22,499    315 


Families/ 
Populations   198 


10,350 


249 


207 


10,689 


!18   207    16,171    340   193    12,907    464 


Experimental 
error^       1186 

Within       2041 


7,527    2002   1826 
3,762    3762   2948 


7,198    1924   1852     10,632   3804   470    10,726   2338 
3,542    3542   2095     3,442   3442   710     7,078   7078 


^Contains  sources  of  variance  involving  interactions  of  blocks. 


Table  6. --Genetic  components  of  variance   for  each   location. 
Calculations    follow  Namkoong    (1979) 


Holcomb 


Idaho  Citv   Boulder  Creek   Jack's  Creek 


Additive  genetic  variance: 


°A   ^°F/P 
Total  phenotypic  variance: 


^W  *   "l      *   °F/P 


996 


6013 


872 


5684 


1360 


7586 


1856 


9880 


Family  phenotypic  variance: 


TP 


k^  k^/k^ 

lleritability  of  families: 
hi.   =  A 


4p 

Heritability  of  individuals; 

^2 


,2 
F/P 


992 


661 


1000 


2746 


0.27 


0.17 


0.33 


0.15 


0.34 


0.18 


0.17 


0.19 


Secondly,  since  estimates  of  additive  genetic  variance  from  sinj;le  planting;  sites  are 
onfounded  by  interactions  of  genotype  and  environment  (Namkoong  and  others  19(>(i),  present 
stimates  (table  6)  may  be  subject  to  bias.   But,  genetic  gains  for  ponderosa  pine  in  southern 
daho  will  accrue  within  seed  zones,  and,  therefore,  appropriate  estimates  of  heri tal'i 1  it ies 
hould  be  inflated  by  the  effects  of  the  genotype-environment  interaction  (Namkoong  11)79). 

Thirdly,  estimates  of  the  phenotypic  variance  apjiarently  do  not  contain  components  of 
variance  due  to  genotype-environment  interaction.   It  is  likely,  however,  that  some  of  the 
effects  of  a  genoty]5e-environment  interaction  expected  within  seed  zones  are  contained  within 
:he  interaction  of  blocks  and  families.   Whereas  the  mean  height  of  trees  varied  63  cm  among 
)lanting  sites,  mean  differences  associated  with  blocks  ranged  from  67  cm  to  105  cm  at  tlie 
various  planting  sites.   Significant  mean  differences  among  blocks  (table  5)  arise  partially 
)ecause  blocks  were  arranged  according  to  aspect  at  each  site.   Thereby,  blocks  reflect  a 
'ariety  of  sites  typical  of  the  seed  zone  represented  by  each  planting  site.   Therefore,  the 
.nteraction  among  blocks  and  families  (table  5)  likely  reflects  genotype  -  environment  inter- 
ictions  within  seed  zones  as  well  as  sampling  errors. 


Finally,  sampling  errors  are  magnified  by  the  experimental  design.   Only  four  trees  were 
)lanted  in  each  block  at  each  test  site.   As  reflected  by  harmonic  means  {ki    in  table  1),  an 
iverage  of  two  or  fewer  trees  remain.   Thus,  family  plots  poorly  reflect  family  means  in  eacti 
)lock;  experimental  errors  (block  interactions)  are  magnified;  and  phenotypic  variances  are 
;reatly  exaggerated  in  relation  to  the  additive  genetic  variance. 

Thus,  there  is  little  doubt  that  the  genetic  components  of  variance  (table  6J  are  only 
ipproximate.   But,  particularly  if  each  planting  site  is  considered  as  a  representative  of  a 
Jingle  seed  zone,  errors  of  estimate  can  be  absorbed  without  invalidation  of  statistical 
malyses . 

Results  of  analyses  of  variance  (table  5)  and  calculations  of  genetic  components  of 
variance  (table  6)  are  similar  to  those  from  age  11  (Rehfeldt  1980).   Most  of  this  corre- 
spondence can  be  traced  to  the  high  correlation  of  individual  tree  heights  (r  =  0.86,  0.88, 
).91,  and  0.83  at  Jack's  Creek,  Boulder  Creek,  Idaho  City,  and  Holcomb,  respectively)  and 
-amily  means  (r  =  0.81,  0.88,  0.89  and  0.81,  respectively)  between  data  at  age  11  and  age  16. 
[n  fact,  analyses  of  variance  of  the  deviation  from  regression  of  16-year  on  11-year  height 
letected  no  differences  among  blocks,  families,  or  their  interaction;  all  of  the  variance  was 
ittributable  to  experimental  errors  or  to  variation  within  family  plots.   Nevertheless,  as 
)bserved  for  ponderosa  pine  in  California  (Namkoong  and  Conkle  1976),  the  proportion  of  the 
:otal  variance  attributable  to  families  within  populations  has  decreased  between  ages  8,  11, 
md  16.   This  reduction  occurred  because  error  variances  (within  plots  and  experimental 
;rror)  increased.   In  fact,  while  error  components  of  variance  doubled  between  ages  11  and  1(), 
family  variance  components  increased  in  absolute  size  by  only  50  percent.   Consequently, 
estimates  of  additive  genetic  variance  are  less;  phenoty]:)ic  variances  are  greater;  herita- 
)ilities  are  less;  and  expected  gains  are  smaller  at  age  16  than  at  age  11. 

Genetic  gains  in  16-year  lieight  that  are  expected  after  interpoU  inat  ion  of  trees  chosen 
mder  various  intensities  of  family  and  individual  tree  selection  are  detailed  in  figure  1. 
rhese  gains  were  calculated  for  family  selection  by: 

AG  =  ih^   a^p 

md  for  selection  of  individuals  witliin  selected  families  by: 

AG  =  0.75ih2   a 


where 


AG 


genetic  gain  in  units  of  measure 


i  =  selection  intensity;  a  constant  relation  to  the  proportion  of  the  population 
selected  (Namkoong  1979). 

h^,h2  o_  and  0„r,  are  defined  in  table  6. 
r   1   1        IF 


IDAHO  CITY 


HOLCOMB 


Individual  Selection 


33        20        10 
BOULDER  CREEK 


33        20        10 

jack's  creek 

15  r 


33   20   10  33   20   10 

PERCENT  FAMILY  SELECTION 


Figure  1. --Expected  gains  (ordinate) 
in  16-year  height  from  alternative 
levels  of  family  selection  (bars)  and  i 
individual  selection  (shading)  with- 
in families  for  each  planting  site. 


Gains  presented  in  figure  1  are  expressed  as  a  percentage  of  the  mean  height  of  only 
those  trees  at  each  planting  site  that  represent  the  seed  zone  within  which  that  site  lies.   A 
3  to  5  percent  gain  over  local  seed  sources  can  be  expected  after  intermatings  of  the  tallest 
families.   And,  gains  of  10  to  IS  percent  seem  likely  in  progenies  of  the  best  performing 
individual  trees  witliin  selected  families.   Relatively  high  gains  will  be  realized,  however, 
only  if  seed  orchards  are  composed  of  relatively  few  genotypes  (fig.  2).   And  therefore,  an 
additional  investment  will  be  required  to  develop  clonal  seed  orchards. 

These  results  attest  to  potential  genetic  gains  at  several  levels  of  tree  improvement  for 
ponderosa  pine.  First,  seed  transfer  guidelines  account  for  natural  adaptation  of  populations 
and  reduce  losses  in  productivity  from  maladaptation .   These  guidelines  limit  seed  transfer  to 
+_   750  ft  (230  m)  elevation,  +_  50  miles  (0.7  degrees)  latitude,  and  +_  60  miles  (1.2  degrees) 
longitude.   Secondly,  a  4  percent  gain  in  16-year  height  can  be  attained  by  collecting  seeds 
for  reforestation  from  populations  of  proven  genetic  potential.   And,  thirdly,  depending  on 
the  intensity  of  selection,  gains  from  8  to  14  percent  can  be  expected  in  the  next  generation 
from  seed  orchards  developed  from  select  individuals  within  selected  families. 
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GENOTYPES  SELECTED 

Figure  2 . --Approximate  relationship  between  per- 
cent gain  in  16-year  height  and  number  of  geno- 
types selected  for  seed  orchards  at  each  plant- 
ing site.   The  number  of  genotypes  was  derived 
from  the  various  combinations  of  family  and 
individual  tree  selection  detailed  in  figure  1. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  23 1  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation   with   Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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PESTICIDE  PRECAUTIONARY  STATEMENT 

This  publication  reports  research  involving 
pesticides.  It  does  not  contain  recommenda- 
tions for  their  use,  nor  does  it  imply  that 
the  uses  discussed  here  have  been  registered, 
All  uses  of  pesticides  must  be  registered  by 
appropriate  State  and/or  Federal  agencies 
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RESEARCH  SUMMARY 


Differences  between  healthy  and  deteriorating  aspen  (Populus 
tremuloides   Michx. )  clones  were  studied  by  investigating  clonal 
variation  in  growth  rates,  growth  habits,  and  vegetative  propaga- 
tion.  In  contrast  to  well  stocked  healthy  clones,  deteriorating 
clones  were  characterized  by  a  low  density  of  stems  which  were 
younger  and  smaller  in  size  and  had  poorer  form  and  higher  crown 
ratios  than  stems  in  healthy  clones.   Site  index  was  significantly 
higher  in  healthy  clones  than  in  deteriorating  clones;  the  envir- 
onmental characteristics  of  sites  occupied  by  the  clones,  however, 
showed  no  important  differences.   There  were  no  significant  differ- 
ences between  healthy  and  deteriorating  clones  in  suckering  ability 
of  excised  roots  or  rooting  ability  of  sucker  cuttings.   Comparisons 
of  growth  rates,  stem  form,  and  branching  characteristics  between 
2-year-old  ramets  of  deteriorating  and  healthy  clones  growing 
in  containers  indicated  no  inherent  differences  in  early  growth  and 
development. 
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The  use  of  trade,  firm,  or  corporation  names  in  this  publication  is 
for  the  information  and  convenience  of  the  reader.   Such  use  does 
not  constitute  an  official  endorsement  or  approval  by  the  U.S.  Depart- 
ment of  Agriculture  of  any  product  or  service  to  the  exclusion  of 
others  which  may  be  suitable. 


INTRODUCTION 

Previously,  Schier  (1975)  described  the  general  pattern  of  deterioration  in  western 
aspen  {Populus  tremuloides   Michx. ) •   Poorly  stocked  deteriorating  clones  were  found 
growing  adjacent  to  well-stocked  mature  healthy  clones.   The  occurrence  of  deteriorating 
and  healthy  clones  on  similar  sites  indicated  that  the  age  at  which  aspen  ramets  begin 
to  die  is  genetically  controlled.   It  was  noted  that  deteriorating  clones  were  visually 
distinguishable  from  healthy  ones.   Their  stems  tended  to  be  shorter  and  branchier,  and 
to  have  poorer  form  than  the  stems  of  healthy  clones.   Thus  it  appeared  that  the  longevity 
of  aspen  ramets  was  correlated  with  various  morphological  characteristics. 

A  major  factor  that  probably  contributes  to  variation  in  timing  and  rate  of  decline 
of  an  aspen  genotype  is  site  quality.   The  ramets  of  a  clone  will  probably  start  deter- 
iorating earlier  on  a  poor  site  than  a  good  one.   In  the  Lake  States,  it  has  been  well 
documented  that  environmental  variables  have  a  significant  effect  on  aspen  longevity 
(Kittridge  1938;  Graham  and  others  1963;  Shields  and  Bockheim  1978). 

The  objectives  of  this  research  were  (1)  to  determine  if  there  are  inherent  differ- 
ences between  healthy  and  deteriorating  clones  in  morphological  characteristics  and 
capacity  for  vegetative  propagation,  and  (2)  to  determine  if  site  quality  is  a  factor 
contributing  to  the  deterioration  of  aspen  clones. 

METHODS 
Clone  Selection 

Ten  healthy  and  10  deteriorating  clones  were  selected  in  Logan  Canyon  on  the  Wasatch 
National  Forest  east  of  Logan,  Utah.   The  criteria  used  for  selecting  these  two  types  of 
clones  were  the  same  as  those  used  in  the  earlier  study  (Schier  1975).   Clones  were 
distinguished  by  sex,  leaf,  stem,  branch,  and  phenological  characteristics  (Barnes  1969). 
Ramets  of  deteriorating  clones  were  characterized  by  relatively  high  mortality  and  low 
basal  areas,   Ramets  of  healthy  clones  were  mature,  had  high  levels  of  stocking,  and  no 
unusual  mortality.   No  attempt  \vas  made  to  pair  each  deteriorating  clone  with  a  healthy 
one  as  was  done  previously.   Clones  that  showed  a  wide  range  in  the  expression  of  pheno- 
typic  characteristics  were  selected. 


Clone  Descriptions 


Stand  data  for  each  clone  were  obtained  from  randomly  located  0.025-acre  (0.01-ha) 
circular  plots.   Numbers  of  plots  were  determined  by  clone  size  and  variations  in  stem 
density.   For  each  living  ramet  with  a  d.b.h.  0.78  inch  (2  cm)  and  larger,  diameter  at 
breast  height,  crown  ratio,  and  relative  bole  length  were  recorded.   Crown  ratio  (to 
nearest  10  percent)  is  the  portion  of  the  tree  bole  that  supports  living  green  foliage. 
Relative  bole  length  (4  classes:  1,  90  to  100  percent;  2,  75  to  90  percent;  3,  50  to 
75  percent;  and  4,  <50  percent)  is  the  length  of  the  longest  straight  section  of  a  tree 
expressed  as  a  percentage  of  the  length  of  straight  section  that  would  be  possible  if 
there  were  no  deformities  such  as  forking,  crook,  and  sweep.   The  number  of  standing 
dead  stems  (0.78  inch  d.b.h.  [2  cm]  and  larger)  occurring  on  each  plot  was  recorded. 
Five  trees  within  the  dominant  and  codominant  crown  classes  were  randomly  selected  for 
height  measurement  and  age  determination. 

Photographs  of  each  clone  were  taken  from  permanent  photo  points.   They  were  taken 
in  the  autumn  after  leaf  fail  to  emphasize  ramet  density,  stem  form,  and  brandling 
characteristics. 

Sucker  regeneration  (stem  d.b.h.  0.78  inch  [<2  cm])  was  determined  from  5.38  ft^ 
(0.5  m^)  circular  plots  located  at  19.7-ft  (6-m)  intervals  along  transect  lines  39.4  ft 
(12  m)  apart. 


Environmental  Variables 

Environmental  variables  in  all  clones  were  evaluated  to  determine  if  differences 
in  site  conditions  could  have  accounted  for  the  phenotypic  differences  between  healthy 
and  deteriorating  clones.   Physiographic  features  recorded  at  each  clone's  location  were 
elevation,  aspect,  slope  percent,  slope  position,  and  exposure.   Aspect  was  transformed 
to  the  sine  of  the  azimuth  using  the  formula  of  Beers  and  others  (1966).   Values  range 
from  0  for  a  southwest  exposure  to  2  for  a  northeast.   Slope  position  was  coded  from 
1  to  5  using  a  method  similar  to  that  of  Bowersox  and  Ward  (1972).   Coded  values  were 
determined  by  slope  curvature  and  distance  from  ridge  summit.   The  exposure  of  clones 
to  wind  and  wind-related  influences  was  estimated  using  a  scale  of  1  (exposed)  to  5 
(sheltered)  as  described  by  Fralish  and  Loucks  (1975). 

Soil  characteristics  were  determined  from  bulk  soil  samples  taken  with  a  soil  auger 
at  depths  of  0  to  7.9  inches  (0  to  20  cm)  and  31.5  to  39.4  inches  (80  to  100  cm)  at 
four  randomly  located  points  in  a  clone.   Samples  from  corresponding  depths  were  com- 
posited.  Soil  samples  were  air  dried,  hard  structural  peds  crushed,  and  sieved  through 
a  0.08-inch  (2-mm)  screen.   Soil  pH  was  measured  in  a  1:1  soil  and  water  mixture  with  a 
glass  electrode.   Cation  exchange  capacity  was  determined  by  sodium  acetate  saturation, 
ammonium  acetate  displacement,  and  measurement  of  the  amount  of  sodium  ion  in  the 
leachate  by  atomic  absorption.   Soil  phosphorus  was  extracted  with  sodium  bicarbonate 
and  determined  colorimetrically.   "Exchangeable"  sodium,  calcium,  magnesium,  and 
potassium  were  extracted  with  ammonium  acetate  and  determined  by  atomic  absorption. 
Organic  carbon  was  determined  by  digestion  with  hot  chromic  acid.   Total  nitrogen  was 
measured  by  the  macro-Kjeldahl  method.   Particle  size  distribution  was  analyzed  with  a 
hydrometer. 


Suckering  Ability 


Root  segments  were  collected  in  September  1974,  July  1975,  and  May  1976  to  deter- 
mine the  ability  of  the  clones  to  produce  suckers.   During  each  of  these  times,  it  was 
necessary  to  make  collections  over  a  period  of  5  days.   On  each  day  during  this  period, 
roots  from  two  deteriorating  and  two  healthy  clones  were  collected.   One  to  two  roots 
in  the  upper  19.7  inches  (50  cm)  of  soil  were  excavated  at  30  or  more  locations  in  a 
clone  to  sample  the  range  in  suckering  capacity.   Thirty  root  segments  (3.94  inches 
[10  cm]  X  0.39  to  0.78  inches  [1  to  2  cm])  were  randomly  selected  from  the  roots  of  each 
clone,  rinsed  in  tap  water,  andplanted  horizontally  0.59  inches  (1.5  cm)  deep  in  mois- 
tened vermiculiLC.   Root  cuttings  from  each  of  the  four  clones  were  subdivided  into  six 
groups  of  five  cuttings  each.   The  resulting  24  groups  were  randomly  distributed 
among  four  plant  trays  (six  groups  per  tray).   The  trays  were  placed  on  a  bench  in  a 
greenhouse  having  a  temperature  range  of  approximately  59°  F  (15°  C)  nights  to  77°  F 
(25°  C)  days.   After  root  cuttings  from  all  20  clones  had  been  planted,  the  trays  were 
randomized  on  the  greenhouse  bench.   Forty-two  days  after  the  root  segments  of  a  clone 
had  been  collected,  they  were  lifted  and  the  number  of  suckers  taller  than  5  mm  and  the 
height  of  the  tallest  sucker  were  recorded  for  each  segment. 

From  the  range  of  root  diameters  (0.39  to  0.78  inches  [1  to  2  cm])  used  to  deter- 
mine suckering  ability,  20  root  sections  were  randomly  selected  from  each  clone  for 
determination  of  mean  root  age. 


Rooting  Ability 


Suckers  from  roots  collected  in  September  1974  were  the  source  of  cuttings  used  for 
determining  clonal  variation  in  the  ability  to  initiate  adventitious  roots.   Sixty  of 
the  tallest  suckers  were  severed  from  the  root  segments  of  each  clone  at  the  root 
surface.   The  base  of  each  cutting  was  inserted  to  a  depth  of  0.78  inch  (2  cm)  in  a 
perlite:vermiculite  (1:1)  medium.   Then  the  cuttings  were  placed  under  an  intermittent 
mist  in  a  greenhouse  for  21  days  (temperature  range,  59°-77°  F  [15°-25°  C]).   Each 


clone  was  represented  by  six  randomized  rows  of  10  cuttings  eacli.   When  the  cuttings  were 
lifted,  the  number  of  roots  and  length  of  the  longest  root  on  each  cutting  was  recorded. 

Growth  Characteristics  of  the  Ramets 

Cuttings  from  suckers  originating  from  roots  collected  in  May  1976  were  rooted  and 
planted  in  containers  during  the  last  week  in  July  (sucker  production,  6  weeks;  and 
rooting,  3  weeks).   The  rooting  procedure  was  similar  to  that  described  above  except 
that  the  sucker  cuttings  were  treated  with  indolebutyric  acid  (IBA)  to  enhance  rootings. 
Details  of  the  entire  procedure  for  vegetatively  propagating  aspen  have  been  described 
by  Schier  (1978). 

From  each  clone,  30  cuttings  having  the  best  root  systems  were  planted  in  tubes, 
2.5  X  10.0  inches  (6.4  x  25,4  cm),  with  a  vermiculite-peat  moss  (1:1)  potting  mix.   Each 
ramet  received  1/4  tsp  of  Scott's  Shrub  and  Tree  Fertilizer.   The  containerized  aspen 
were  placed  on  a  greenhouse  bench  in  a  completely  randomized  design  and  were  periodi- 
cally watered.   To  maximize  ramet  growth,  day  lengths  were  extended  from  August  1  to 
October  26  with  artificial  lighting.   Although  most  ramets  continued  to  put  on  top 
growth  during  long  days,  a  significant  number  that  had  set  bud  during  the  rooting  period 
remained  dormant.   On  October  26,  the  ramets  were  moved  to  a  "cold"  compartment  in  the 
greenhouse  where  the  temperature  was  maintained  between  35.6°  F  (2°  C)  and  50.0°  F 
(10°  C).   This  temperature  has  been  found  to  satisfy  the  cold  requirements  of  Utah  aspen 
as  indicated  by  a  normal  spring  bud  break. 

During  the  second  week  of  April  1977,  prior  to  flushing,  the  ramets  were  transplanted 
into  1  gal  (3.8  liter)  pots.   The  potting  medium  was  a  3:2  peatmoss-sand  mixture. 
The  plants  were  given  1/2  tsp  Scott's  fertilizer  and  moved  outside  to  a  lathhouse  (50 
percent  shading)  where  they  were  completely  randomized  on  benches.   The  plants  were 
watered  twice  weekly  except  when  natural  precipitation  was  adequate.   Fertilizer  was 
applied  every  4  to  6  weeks.   Plant  pests  such  as  red  spider  mites,  cottonwood  beetles, 
aphids,  and  powdery  mildew  were  controlled  by  insecticides  (two  sprayings)  and 
fungicides  (three  sprayings). 

In  October  1977,  counts  were  made  of  the  numbers  of  ramets  surviving  and  stem  and 
crown  characteristics  measured.   This  included  annual  height  growth,  number  and  length 
of  laterals,  occurrence  of  forking,  and  stem  form  (scored:  1  =  straight;  5  =  very 
crooked) . 

In  May  1978,  the  2-year-old  ramets  were  planted  in  a  common  garden.   The  growth 
characteristics  gf  the  clones  will  be  monitored  over  a  10-year  period  to  determine 
whether  the  inherent  differences  between  healthy  and  deteriorating  clones  become  more 
definitive  as  the  ramets  grow  in  size  and  morphological  complexity. 


Statistical  Analysis 


Analysis  of  variance  was  used  to  analyze  the  data  from  the  suckering  and  rooting 
tests.   All  other  data  were  analyzed  by  unpaired  t-tests. 

RESULTS 

Descriptions  of  the  healthy  and  deteriorating  aspen  clones  shown  in  figures  1  and 
2  are  given  in  table  1.   Because  of  the  nature  of  the  criteria  used  in  selecting  healthy 
and  deteriorating  clones,  the  density  of  living  stems  was  significantly  lower  and  rela- 
tive mortality  higher  in  deteriorating  clones  than  in  healthy  clones.   The  stems  in  the 
deteriorating  clones  were  significantly  younger  in  age  and  thus  smaller  in  both  diameter 
and  height  than  those  in  healthy  clones.   They  also  showed  less  natural  pruning  and 
poorer  form  as  indicated  by  their  high  crown  ratios  and  low  relative  bole  lengths.   Site 
index,  as  determined  from  Jones'  (1967)  site  index  curves,  was  significantly  liighcr  in 
healthy  clones  than  in  deteriorating  clones. 
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Figure  1. --Healthy  aspen  clones  used  in  this  study.   November  1976, 
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Figure  2 . --Deteriorating  aspen  clones  used  in  this  study.   November  l'.)7(). 


Table  I. --Description  of  the  stands  (stems  with  a  d.b.h.  0.78  inch  [2  cm]  and  larger) 
of  healthy  and  deteriorating  aspen  clones.  The  measurements  shown  are  mean 
values   determined  by  sampling 

Dead 
Relative  Living  Dead    stems 
Stem  Total   Crown     bole    stems   stems   %  of   Basal   Site 

Clone age   d.b.h. -^   height  ratio^   length^   per  ha  per  ha  total  area   index^ 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Average 


Years 


cm 


m 


Percent 


Class 


m^/ha 


128 

16.6 

16.0 

25 

92 

13.5 

17.9 

36 

86 

8.4 

12.5 

35 

88 

17.7 

17.1 

33 

98 

14.2 

19.2 

35 

99 

13.5 

14.5 

23 

99 

12.6 

12.9 

23 

58 

10.3 

11.0 

35 

117 

12.3 

16.0 

29 

118 

10.7 

11.2 

36 

98.3 

12.98 

14.83 

31 

Healthy  Clones 

3.1 
3.4 
2.6 
2.9 
2.7 
2.5 
3.5 
3.9 
3.6 
3.9 

0    3.21 


Deteriorating  Clones 


m 


1,600 

25 

1.5 

38.6 

11.9 

3,150 

400 

11.3 

54.3 

16.2 

5,850 

600 

9.3 

34.4 

11.6 

2,567 

200 

7.2 

71.1 

15.9 

1,450 

100 

6.5 

29.3 

18.0 

1,900 

633 

25.0 

29.5 

12.5 

2,150 

850 

28.3 

28.8 

11.6 

3,200 

500 

13.5 

35.2 

12.8 

2,950 

300 

9.5 

45.4 

12.5 

2,533 

267 

9.5 

23.8 

8.8 

2,735 

388 

12.16 

39.04 

13.1 

1 

77 

6.5 

12.0 

48 

3.6 

2,550 

475 

15.7 

10.5 

11.6 

2 

83 

8.4 

8.4 

61 

3.9 

367 

50 

11.9 

2.6 

8.2 

3 

67 

7.6 

10.6 

51 

3.7 

688 

375 

35.3 

4.2 

11.6 

4 

53 

8.7 

8.6 

53 

3.9 

1,267 

200 

13.6 

8.2 

10.7 

5 

58 

8.3 

6.5 

55 

3.8 

733 

116 

13.7 

4.6 

7.0 

6 

54 

6.0 

7.5 

52 

3.9 

2,650 

1,250 

32.1 

8.2 

9.1 

7 

49 

4.5 

7.7 

49 

3.9 

2,433 

2,200 

47.5 

4.1 

9.5 

8 

80 

7.0 

9.4 

53 

3.9 

786 

286 

26.7 

3.5 

9.5 

9 

60 

7.2 

8.3 

46 

3.3 

757 

143 

15.9 

3.7 

9.1 

10 

79 

6.8 

9.7 

46 

3.9 

204 

250 

55.1 

0.8 

9.5 

Average    66.0  7.10     8.87    51.4    3.78     1,244     535    26.75    5.04   9.58 

Significant  Differences  Between  Groups^ 
**     **        **       **       **        **        N  S       *        **      ** 

■^Diameter  at  breast  height,  4.5  ft  (1.37  m) . 

^Proportion  of  the  bole  that  supports  living  foliage. 

^Length  of  the  longest  straight  section  of  a  tree  as  a  percent  of  the  length  that 
would  be  expected  in  the  absence  of  deformities.   Four  classes:  1.  90  to  100  percent; 
2.  75  to  90  percent;  3.  50  to  75  percent;  and  4.  <50  percent. 

'^Determined  from  Jones'  (1967)  site  index  curves-base  age  80  years. 

^*  =  Significant  at  0.05  level,  **  =  significant  at  0.01  level,  N.S.  =  nonsignificant 


Although  the  mean  density  of  sucker  regeneration  in  healtliy  clones  was  twice  that 
in  deteriorating  clones  (table  2),  the  differences  were  not  statistically  significant. 
This  was  due  to  the  high  variation  in  numbers  of  suckers  among  healthy  clones.   It 
ranged  from  less  than  400  suckers  per  acre  (1  000/ha)  to  over  8,S00  per  acre  (21  OOO/ha) 
Sucker  regeneration  was  also  expressed  in  numbers  of  clumps  because  only  one  sucker  in 
a  clump  is  likely  to  grow  into  a  mature  stem. 

Table  2. --Density  of  sucker   regeneration    (stems   having  a   d.b.h.    smaller    than    0.78    inch 
[2   cm])    in   healthy   and   deteriorating  clones   expressed   in   number  of   individual 
suckers  and   in   number  of  sucker  clumps 


Healthy  clones 

Deteriorating 

clones 

Suckers 

Clumps^ 

Suckers 

Clumps 

Clone 

per  ha 

per  ha 

Frequency 

per  ha 

per  ha 

Frequency 

Percent 

Percen t 

1 

21,760 

8,820 

29 

6,520 

5,220 

22 

2 

19,200 

13,600 

40 

6,670 

4,100 

21 

3 

17,220 

12,220 

42 

7,830 

5,650 

24 

4 

4,410 

3,240 

16 

2,900 

1,610 

8 

5 

4,410 

3,820 

18 

670 

670 

3 

6 

6,670 

5,000 

17 

1,875 

1,875 

9 

7 

<625 

625 

1 

3,580 

3,280 

13 

8 

3,700 

2,220 

11 

3,200 

2,400 

12 

9 

<770 

770 

1 

1,765 

1,765 

9 

10 

8,000 

6,670 

23 

1,600 

1,600 

8 

Average 


8,676 


5,698 


19.8 


3,661 


2,817 


12.9 


^Maximum  area  covered  by  a  clump  of  suckers  did  not  exceed  a  circular  area 
7.87  inches  (20  cm)  in  diameter. 


All  three  root  suckering  tests  (September  1974,  July  1975,  and  May  1976)  performed 
with  excised  roots  gave  the  same  results  (table  3):  no  significant  difference  between 
healthy  and  deteriorating  clones  in  sucker  production  or  growth.   Analysis  of  variance 
showed  that  both  measures  of  suckering  capacity  were,  however,  significantly  (1  percent 
level)  affected  by  clone  and  date  and  that  there  was  a  significant  clone-date  interac- 
tion.  Mean  age  of  roots  (0.39' to  0.78  inch  [1  to  2  cm]  diameter)  from  healthy  and 
deteriorating  clones  used  in  the  suckering  tests  was  similar.   Within  each  group  of 
aspen  clones  there  was  considerable  variation  in  root  ages  which  showed  no  relationship 
to  suckering  capacity. 

Rooting  ability  of  sucker  cuttings  (table  4)  probably  has  no  relationship  to  the 
capacity  of  aspen  clones  to  regenerate  under  natural  conditions,  but  it  may  be  a  good 
measure  of  the  physiological  condition  of  the  clones.   There  were  significant 
differences  among  clones  in  rooting  percentages,  number  of  roots,  and  root  length,  but, 
none  of  these  characteristics  showed  significantly  large  differences  when  the  means  of 
healthy  and  deteriorating  clones  were  compared. 

Survival  percentages  and  stem  and  crown  characteristics  of  the  aspen  ramcts  are 
given  in  table  5.   Although  significant  clonal  differences  were  found  for  these  variables, 
there  were  no  significant  differences  between  the  means  of  healthy  and  deteriorating 
clones. 


Table  3. --Mean  suckeiing  ability   of  root   segments    (3.94    inches    [10   cm]  x  0.39    to 
0.78   inch    [1    to   2   cm])    from  healthy   and  deteroirating  aspen  clones   and 
mean  age  of  roots    used.      Suckers   were  counted  after  a   42-day   propagation 
period . 


Clone 


10 


Average 


Suckers  per  segment 


Root  age 


Height  of  tallest  sucker 


5/76 


7/75 


9/74    Average  5/76 


7/75    9/74  Average 


Years 


IS.  1 


^0.33 


Healthy  Clones 


1 

20.4 

10.5 

6.0 

9.2 

8.57 

29 

26 

31 

28.7 

2 

19.2 

4.9 

2.7 

6.0 

4.53 

39 

33 

34 

35.3 

3 

22.2 

5.9 

6.1 

4.5 

5.50 

37 

30 

33 

33.3 

4 

21.4 

2.4 

5.5 

5.0 

4.30 

46 

41 

34 

40.3 

5 

15.5 

4.4 

10.7 

3.4 

6.17 

35 

30 

24 

29.7 

6 

17.6 

7.3 

8.7 

7.3 

7.77 

47 

42 

44 

44.3 

7 

20.8 

6.9 

7.5 

7.1 

7.17 

38 

32 

44 

38.0 

8 

22.8 

14.0 

21.4 

13.3 

16.23 

28 

26 

32 

28.7 

9 

28.0 

6.7 

12.7 

21.4 

13.60 

36 

31 

37 

34.7 

10 

23.0 

4.5 

3.6 

16.5 

8.20 

32 

30 

35 

32.3 

Average     20.89     6.75 


8.49     9.37     8.20    36.7 
Deteriorating  Clones 


32.1 


6.1 


6.53 


3.1 


7.72 


4.6 


8.53 


4.60 


7.53 


56.7 


30 


27.5 


34.8 


35 


37.7 


34.5 


1 

18.4 

5.9 

3.4 

5.0 

4.77 

29 

21 

30 

26.7 

2 

22.8 

8.4 

8.2 

9.3 

8.63 

39 

27 

42 

36.0 

3 

18.6 

2.2 

2.1 

4.1 

2.80 

37 

22 

30 

29.7 

4 

17.8 

6.5 

15.3 

9.5 

10.43 

46 

27 

44 

39.0 

5 

21.2 

5.0 

5.6 

3.9 

4.83 

35 

36 

49 

40.0 

6 

18.2 

11.1 

15.4 

21.2 

15.90 

47 

30 

36 

37.7 

7 

20.  1 

7.9 

8.5 

14.6 

10.27 

38 

23 

32 

31.0 

8 

16.9 

6.2 

9.8 

4.6 

6.87 

28 

30 

44 

34.0 

9 

24.2 

6.0 

6.0 

6.5 

6.17 

36 

29 

35 

33.3 

32.3 


34.0 


Table  4 . --Mean   rooting  ability  of  sucker   cuttings   from  healthy   and  deteriorating  aspen   clones.      Suckers   originated 
from  roots  collected   in  September   1974.      Cuttings   were  in   the  rooting  media    for   3   weeks 


Healthy  clones 


Percentage  of 
Clone   cuttings  rooting 


Roots  per 

Length  of 

rooted  cutting 

longest  root 

mm 

1.9 

21 

1.8 

29 

2.3 

40 

1.9 

38 

1.9 

34 

2.0 

41 

2.2 

52 

2.3 

34 

1.8 

44 

2.4 

31 

2.05 

37.0 

Percentage  of 
cuttings  rooting 


Deteriorating  clones 


Roots  per         Length  of 
rooted  cutting longest  root 


42 
55 


5 

60 

6 

35 

7 

75 

8 

67 

9 

73 

10 

48 

Average 

55.1 

33 
72 
67 
30 
25 
73 
85 
57 
35 
12 
48.9 


2.2 
2.3 
2.3 
1.6 
2.1 
3.6 
3.2 
2.4 
1.2 
1.3 
2.22 


38 
50 
37 
20 
48 
55 
57 
35 
36 
12 


Table  5. --Survival  percentages  and  growth  characteristics  of  rooted   sucker  cuttings   from 
healthy  and   deteriorating  aspen   clones  after   2    years   growth   in   containers. 
Thirty   cuttings   of  each   clone  were  planted 


1 

73 

2 

93 

3 

73 

4 

93 

5 

87 

6 

73 

7 

83 

8 

73 

9 

27 

10 

93 

36 

3.2 

0 

3.0 

59 

2.1 

11 

2.2 

8 

2.8 

32 

2.6 

8 

2.8 

27 

2.6 

14 

2.5 

18 

2.5 

Total  2-year    Laterals Stem 

Clone   Survival growth Number Average  length Forking     form^ 

Percent  cm  Percent 

Healthy  Clones 

114  6.2  23.8 

80  4.6  14.8 

113  2.5  17.3 
80  5.5  7.8 

100  5.4  14.3 

77  5.4  12.3 

112  7.1  14.6 
96  2.3  18.6 

114  6.2  23.5 
69  6.7  10.1 

Average    76.8  95.5         5.19  15.51  21.3       2.63 

Deteriorating  Clones 

94  4.8  18.2 

61  4.5  24.2 
84           4.8  12.3 

102  3.8  17.9 

88  10.4  14.0 

99  6.4  21.6 

113  7.6  23.0 
119  3.5  19.9 

62  4.0  9.4 
83           4.3           14.4 

Average    69.3  90.5         5.41  18.39  19.5       2.62 

■^Scored:  1  (straight)  to  5  (very  crooked). 

The  mean  values  of  environmental  variables  associated  with  healthy  and  deteriorating 
clones  are  shown  in  table  6.   Only  two  variables  differed  significantly  between  the  two 
groups.   The  mean  phosphorus  concentration  and  the  mean  percentage  of  silt  of  the  upper 
soil  layer  were  higher  in  the  healthy  clones  than  in  the  deteriorating  clones.   Percentage 
of  silt  is  one  of  the  best  estimates  of  available  water-holding  capacity  (Hill  1959);  so 
during  the  growing  season  soil  water  conditions  are  more  likely  to  be  better  in  healthy 
than  they  are  in  deteriorating  clones.   Although  the  concentration  of  the  other  soil 
nutrients  (sodium,  potassium,  calcium,  magnesium,  and  nitrogen)  showed  relatively  small 
differences  between  the  two  types  of  clones,  it  was  interesting  that  in  all  instances 
the  levels  were  higher  in  deteriorating  clones. 

When  the  soil  cores  were  taken  in  each  clone,  presence  of  rocky  horizons  or  conglo- 
merate layers  was  noted.   They  occurred  at  less  than  19.7  inches  (50  cm)  from  the  soil 
surface  in  five  deteriorating  clones  (1,  3,  8,  9,  and  10)  and  in  one  healthy  clone  (1). 
This  indicates  that  deteriorating  clones  occur  with  greater  frequency  on  shallow  soils 
than  healthy  clones.   Shallow  soil  reduced  available  water-holding  capacity  of  the  site. 


1 

90 

2 

43 

3 

40 

4 

93 

5 

100 

6 

80 

7 

93 

8 

67 

9 

47 

10 

40 

15 

2.7 

31 

2.2 

8 

2.9 

29 

2.8 

10 

2.3 

17 

2.3 

14 

2.6 

25 

2.9 

29 

2.4 

17 

3.1 

Table  6. --Environmental   characteristics  of  sites   occupied  by  healthy  and  deteriorating 

aspen   clones.      Averages  are  based  on  10  clones   in   each   group.      Soil   properties 
are  shown   for   upper    (U,    0   to   7.9   inches    [O   to   20   cm])    and  lower    (L,    31.5   to   39. 
inches    [80   to  100   cm])    soil    depths  sampled 


Characteristics 


Healthy 
clones 


Deteriorating  Significance 
clones      of  difference-^ 


Elevation 
Aspect 
Slope  (%) 
Exposure 
Slope  position 
PH 


Cation  exchange  capacity 
(meq/lOOg) 

Sodium  (meq/100  g) 


Potassium  (meq/100  g) 


Calcium  (meq/100  g) 


Magnesium  (meq/100  g) 


Phosphorus  (ppm) 


Organic  carbon  (%) 


Total  nitrogen  (%) 


Silt  (%) 


Sand  (%) 


Clay  (%) 


2,224 

+ 

130 

2,197 

+ 

109 

N.S. 

0.966 

+ 

0.726 

0.965 

+ 

0.706 

N.S. 

18.0 

+ 

12.9 

14.7 

+ 

8.3 

N.S. 

2.8 

+ 

0.9 

2.5 

+ 

0.8 

N.S. 

2.6 

+ 

1.7 

3.2 

+ 

0.6 

N.S. 

u 

6.58 

+ 

0.28 

6.57 

+ 

0.21 

N.S. 

L 

6.63 

+ 

0.66 

6.33 

+ 

0.46 

N.S. 

U 

30.95 

+ 

6.20 

32.94 

+ 

4.02 

N.S. 

L 

21.76 

+ 

6.97 

26.57 

+ 

5.81 

N.S. 

U 

0.22 

+ 

0.04 

0.33 

± 

0.15 

N.S. 

L 

0.23 

+ 

0.05 

0.40 

+ 

0.26 

N.S. 

U 

1.38 

+ 

0.46 

1.58 

+ 

0.31 

N.S. 

L 

0.68 

+ 

0.28 

0.71 

+ 

0.32 

N.S. 

U 

27.86 

+ 

10.38 

30.51 

+ 

6,87 

N.S. 

L 

19.81 

+ 

9.30 

25.90 

+ 

14.15 

N.S. 

U 

3.57 

+ 

1.32 

4.69 

+ 

1.13 

N.S. 

L 

3.46 

+ 

2.39 

3.85 

+ 

1.16 

N.S. 

U 

56.0 

+ 

22.4 

35.8 

+ 

14.50 

* 

L 

20.1 

+ 

13.1 

10.4 

+ 

11.10 

N.S. 

U 

5.63 

+ 

1.38 

5.38 

+ 

1.18 

N.S. 

L 

0.89 

± 

0.38 

1.30 

+ 

0.59 

N.S. 

U 

0.368 

+ 

0.078 

0.411 

+ 

0.051 

N.S. 

L 

0.088 

+ 

0.029 

0.118 

+ 

0.039 

N.S. 

U 

45.0 

+ 

7.7 

37.2 

+ 

6.4 

* 

L 

40.0 

+ 

6.8 

35.0 

+ 

9.9 

N.S. 

U 

16.3 

+ 

5.9 

19.8 

+ 

5.7 

N.S 

L 

18.7 

+ 

10.2 

19.4 

+ 

11.7 

N.S. 

U 

38.7 

+ 

6.9 

43.0 

+ 

6.0 

N.S. 

L 

41.3 

+ 

7.8 

45.6 

+ 

6.4 

N.S. 

^N.S.  =  nonsignificant;  *  =  significant  at  0.05  level, 
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DISCUSSION 

There  were  significant  differences  between  stand  and  individual  tree  characteristics 
of  healthy  and  deteriorating  clones  (table  1).   Propagated  under  uniform  conditions, 
however,  2-year-old  rainets  of  healthy  and  deteriorating  clones  failed  to  show  any  signi- 
ficant differences  in  their  morphological  characteristics  (table  S).   Suckering  and 
rooting  tests  also  indicated  tliat  there  were  no  differences  between  the  two  categories 
of  clones  in  their  capacities  for  vegetative  propagation  (tables  5  and  4).   The  root 
suckering  tests  corroborated  earlier  findings  by  Schier  (1975). 

Although  the  young  ramets  gave  no  indication  of  a  relationship  between  asjien  longev- 
ity and  morphological  characteristics,  differences  between  healthy  and  deteriorating 
clones  may  develop  when  the  trees  grow  in  size  and  complexity  in  a  common  garden.   We 
may,  however,  be  wrong  in  assuming  that  deteriorating  clones  have  distinctive  morpholo- 
gical characteristics.   Aspen  longevity  may  depend  on  physiological  characteristics  or 
well  established  clonal  growth  habits  that  enable  a  clone  to  survive  during  hot,  dry 
summers  or  to  increase  its  resistance  to  insects  and  disease.   If  this  were  the  case, 
then  a  common  garden  where  growing  conditions  are  optimum  would  be  a  poor  place  to 
measure  the  ability  of  a  clone  to  perpetuate  itself.   Also,  it  would  be  difficult  to 
evaluate  the  various  strategies  that  effect  aspen  survival  if  these  are  not  expressed 
until  the  ramets  of  a  clone  become  mature. 

Another  hypothesis  that  may  have  to  be  reevaluated  is  that  the  ratty  condition  of 
deteriorating  clones,  expressed  by  branchy,  crooked  stems,  is  inherent.   These  phenotypic 
characteristics  may  have  been  induced  by  stand  conditions.   In  the  Lake  States,  aspen 
deterioration  is  rapid  and  in  as  few  as  6  years  more  than  half  of  the  trees  in  a  well- 
stocked  stand  may  have  died  (Graham  and  others  1965).   These  residual  trees  have  straight, 
clear  boles  because  the  stands  were  dense  while  they  were  growing.   In  Utah  clones, 
deterioration  may  take  place  more  slowly,  occurring  over  a  number  of  generations  of 
ramets.   With  time,  stem  density  is  slowly  reduced  as  regeneration  fails.   Poor  regener- 
ation is  a  consequence  of  root  dieback  and  the  maintenance  of  apical  dominance  by 
residual  stems  (Schier  1975).   Trees  growing  under  these  open  conditions  generally  have 
large  crowns  and  poor  form. 

The  site  indices  of  the  clones  indicated  that  the  healthy  clones  were  growing  on 
better  sites  than  the  deteriorating  clones.   Although  there  was  some  evidence  that 
insufficient  soil  moisture  might  be  a  factor  contributing  to  the  reduced  longevity  of 
aspen  clones,  this  evidence  was  not  strong.   The  absence  of  any  meaningful  relationship 
between  height  growth  of  clones  and  associated  site  factors  indicates  that  the  differ- 
ences in  site  index  were  not  due  to  the  differences  in  site  quality,  but  to  inherent 
differences  in  growth  rate  or  to  open  stand  conditions.   Zahner  and  Crawford  (1965) 
describe  the  problem  of  using  tree  height  to  measure  site  productivity  in  a  clonal  species 
like  asjien.   In  Michigan,  they  found  considerable  variation  in  the  growth  rates  of 
big  tooth  aspen  (Populus   grandidentata   Michx.)  clones  growing  on  the  same  site. 

The  concentration  of  phosphorus  was  lower  in  soils  of  deteriorating  clones  than  in 
soils  of  healthy  clones,  but  these  levels  were  well  above  those  necessary  for  good  tree 
growth.   The  difference  in  phosphorus  concentrations  and  other  small,  but  consistent, 
differences  in  the  chemical  analysis  of  soils  from  the  two  kinds  of  clones  may  be 
caused  by  dissimilarities  in  their  total  vegetation.   The  understory  vegetation  in  open 
deteriorating  clones  has  a  different  species  composition  and  represents  a  larger 
proportion  of  the  total  biomass  than  the  understory  of  well-stocked  healthy  clones. 
This  will  affect  nutrient  cycling  and,  consequently,  the  chemical  composition  of  the 
soils . 


II 


To  determine  whether  a  clone  is  deteriorating,  it  is  important  that  there 
be  evidence  of  relatively  high  mortality.   Poor  stocking  is  not  sufficient  evidence 
because  some  sites  may  support  relatively  few  stems  and  low  root  density.   Poor  stocking 
may  also  be  a  genotypic  characteristic.   In  other  words,  inherent  characteristics  of  a 
clone,  such  as  the  ability  to  regenerate  itself,  the  pattern  of  root  development,  and 
the  ability  of  suckers  to  develop  independent  root  systems,  could  all  affect  the 
population  structure  of  clones. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation   with   Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY  ^ 

Experimental  vegetation  plots  on  an  acidic  waste  dump  at  the  Blackbird  copper/cobalt  mine  in  Idaho  were  used  t( 
evaluate  alfalfa  (Medicago  spp.)  hay,  as  an  organic  spoil  amendment.  In  addition,  tests  were  made  to  determine  th( 
value  for  reclamation  of  three  systems  of  seeding  and  1 1  grass  species.  Plots  on  which  alfalfa  hay  was  an  amendmem 
produced  the  highest  yields  of  grass  the  first  year,  but  production  was  not  significantly  better  after  6  years.  Plots  planter 
with  a  seeder-packer  produced  higher  yields  of  grass  from  the  beginning  than  those  that  were  hydroseeded. 

The  use  of  a  rotary  tiller  to  incorporate  organic  amendments  into  rocky,  mineral  mine  waste  for  reclamation  purposew 
is  not  recommended. 
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INTRODUCTION 

This  paper  describes  and  evaluates  revegetation  treat- 
nents  of  an  acid  mine  spoils  area  on  a  surface  mine  in  the 
vestern  United  States.  Spoils  on  this  area  had  not  pro- 
Juced  vegetation  for  18  years.  The  value  of  lime  as  an 
imendment  on  acid  spoils  has  long  been  recognized, 
.ittle  has  been  done,  however,  in  the  West  to  show 
vhether  mixing  organic  mulch  into  acid  spoils  with  a 
otary  tiller  and  seeding  by  various  methods  will  enhance 
he  establishment  of  vegetation  on  unfavorable  sites. 

DESCRIPTION  OF  AREA 

The  Blackbird  copper/cobalt  mine  is  in  the  heart  of  the 
Salmon  National  Forest  about  25  air  miles  (40  km)  west 
ind  south  of  Salmon,  Idaho.  Its  ownership  has  changed 
several  times  since  it  opened  in  1893,  and  its  operation 
vas  intermittent  until  1967.  Demands  for  cobalt  in  World 
/Vars  I  and  II  stimulated  its  operation.  Later,  at  the  onset 
)f  the  Korean  War,  ore  production  and  milling  operations 
expanded.  Peak  production  was  in  1958,  and  operation 
;ontinued!  until  1960.  After  a  temporary  shutdown,  it  re- 
)pened  in  1963  with  both  a  surface  pit  and  an  under- 
jround  operation.  Production  was  not  profitable,  though, 
ind  it  closed  again  in  1967. 

Physiography  of  the  general  area  is  a  succession  of 
ugged  high  ridges  with  steep  hillsides  and  deep,  narrow 
jraws,  most  of  which  are  drained  by  perennial  streams. 
Elevation  of  the  general  mine  area  ranges  between  6,600 
jnd  8,200  feet  (2  012  and  2  500  meters).  Annual  precipi- 
ation  averages  22  to  35  inches  (56  to  89  cm).  The 
jominant  vegetation  of  the  area  is  iodgepole  pine  (Pinus 
:ontorta)  with  some  subalpine  fir  (Abies  lasiocarpa). 
Spruce  (Picea  spp),  can  be  found  on  north-  and  east- 
acing  slopes.  The  understory  consists  of  huckleberry 
'Vaccinium  spp.),  Oregon  grape  (Berberis  repens). 
jpirea  (Spiraea  spp),  pinegrass  (Calamagrostis  rube- 
icens),  and  some  forbs.  On  disturbed  sites,  such  as  road 
:uts,  the  major  vegetation  is  composed  of  bitterbrush 
'Purshia  tridentata),  alder  (AInus  spp),  rose  (Rosa 
/voodsii),  bluebunch  wheatgrass  (Agropyron  spicatum), 
daho  fescue  (Festuca  idahoensis),  hairgrass  (Des- 
zhampsia  caespitosa),  western  yarrow  (Achillea  millefo- 
ium),  and  penstemon  (Penstemon  fruticosus).  Rocks 
n  the  Blackbird  district  are  mostly  quartzites  and  meta- 
norphosed  Precambrian  sediments.  Occasional  mas- 
sive intrusions  of  chalcopyrite,  cobaltite  pyrite,  and  pyr- 
'hotite  occur  in  mineralized  lenses;  the  first  two  minerals 
are  high  grade  ores,  the  other  two  are  waste  sulfide 
Tiinerals. 


Over  the  years,  spoil  material,  which  contained  pyritic 
and  sulfide  minerals,  was  dumped  in  large  piles  on  steep 
slopes  in  the  draw  at  the  head  of  Meadow  Creek.  This 
dump  has  a  volume  of  more  than  one  million  cubic  yards 
(765  000  m  '^).  High  winds,  rain,  and  snowmelt  constantly 
erode  the  surface  of  these  waste  piles  and  thereby 
expose  fresh  mineral  elements  to  oxidation.  When  these 
sulfide  minerals  are  exposed  to  oxygen,  either  in  the  air  or 
when  dissolved  in  water,  oxidation  produces  acids 
(chiefly  sulfuric)  and  other  such  substances  as  rerrous 
and  ferric  sulfates.  The  following  equations  express 
these  basic  chemical  reactions  (Sorensen  and  others 
1980): 


FeS,  +  HO  +  3-1/2  O  —  FeSO, 


H.SO, 


(i: 


and 


2  FeSO^  +1/20^+  H^SO^- Fe,(S0,)3  +  H^    (2) 

The  sulfunc  acid  produced  in  these  reactions  acidifies  the 
overburden  materials  and  dissolves  heavy  metal 
compounds. 

The  products  of  sulfide  mineral  oxidation  make  it 
difficult,  if  not  impossible,  to  establish  vegetation  without 
modifying  the  overburden.  The  leaching  of  acid  and  toxic 
metals  described  above,  plus  continuing  erosion  of  the 
waste  material  in  the  mine  dump  during  the  past  20  or 
more  years,  has  made  the  Blackbird  mine  a  massive 
producer  of  sulfuric  acid,  as  well  as  of  copper  and  iron 
ions.  Acid  and  heavy  metals  have  eliminated  all  the  fish, 
benthic  organisms,  and  most  of  the  streamside 
vegetation  in  Blackbird  Creek  and  have  eliminated  the 
anadromous  fishery  in  Panther  Creek,  downstream  to  the 
Salmon  River. 

As  yet  unanswered  questions  at  the  Blackbird  Mine 
are: 

•  Can  the  production  and  drainage  of  acid  and  other 
pollutants  be  mitigated^  If  so,  would  the  mitigation 
method  be  environmentally  and  esthetically 
acceptable'!' 

•  Would  the  cost  of  mitigation  be  reasonable?  Will 
the  mitigation  system  perpetuate  itself,  or  will  it 
require  continuous  management'?' 

This  problem  is  at  least  twofold.  Part  of  it  is  the 
continuous  production  of  acid  and  other  toxic  materials 
that  result  from  constant  exposure  of  the  spoils  area  to 
erosion.  The  other  part  is  the  flow  of  water  from 
underground  mine  tunnels. 


Several  years  ago  the  Ohio  State  University  Research 
Foundation  (1971)  pointed  out  three  methods  for 
abatement  of  acid  production  at  its  source:  development 
of  an  oxygen  barrier  on  the  surface;  development  of 
chemical  or  biological  control  over  the  rate  of  pyhte 
oxidation;  and  prevention  of  the  infiltration  of  water  into 
disposal  piles,  inactive  tailings  ponds,  and  similar 
sources  of  production  of  acid. 

An  artificial  covering,  both  waterproof  and  airproof, 
would  stop  the  production  of  acid,  but  it  would  be  difficult 
to  install  and  maintain.  Also,  the  cover  probably  would  be 
feasible  for  temporary  abatement  only  on  comparatively 
small  areas.  A  natural  vegetative  cover  such  as  grass 
would  be  an  alternative.  A  natural  cover  would  be 
satisfactory  both  environmentally  and  esthetically,  and 
presumably  would  be  permanent  and  self-sustaining. 
Such  a  cover  has  been  demonstrated  to  be  a  strong 
deterrent  to  overland  flow  and  to  soil  surface  erosion.  It 
also  functions  as  a  oxygen  barrier.  Even  if  oxygen 
penetrated  the  root  zone  and  the  pyrites  were  eventually 
oxidized,  no  new  pyrites  would  be  exposed  if  the  plant 
cover  could  be  maintained. 

The  above  suggest  that  the  logical  approach  to  the 
Blackbird  Mine  problem  would  be  to  establish  a 
permanent  vegetative  cover  over  the  waste  piles.  The 
Blackbird  Mine,  however,  presents  an  especially  difficult 
problem.  Not  only  is  the  spoil  material  in  the  waste  dump 
subject  to  severe  acid  problems,  but  the  whole  dump  is 
located  in  steep,  mountainous  terrain  that  increases  the 
difficulty  of  establishing  a  protective  vegetative  cover. 


RESEARCH 

Research  designed  to  devise  an  effective  technique  for 
vegetating  the  mineral  waste  piles  at  Blackbird  started  in 
1972  (Farmer  and  others  1976)  and  has  continued  until 
the  present.  Nielson  and  Peterson  (1972)  demonstrated 
that  liming  was  necessary  for  initial  establishment  of 
vegetation  on  acid  spoils,  and  Farmer,  Richardson,  and 
Brown  (1976)  showed  that  mulching  and  fertilizing  aided 
in  establishing  grass  cover.  It  remained  to  be  shown, 
however,  how  soil  organic  amendment  mixed  into  the 
spoils  and  varied  seeding  methods  could  enhance 
establishment  of  vegetation  on  this  unfavorable  site.  This 
paper  reports  results  of  a  study  using  alfalfa  (Medicago 
spp.)  hay  as  a  soil  organic  amendment  and  of  three 
systems  of  seeding  the  spoils  area.  The  study  began  in 
the  fall  of  1973  and  will  continue  until  1982. 


east-facing  aspect  on  the  waste  dump  at  the  head  ot 
Meadow  Creek.  This  experimental  block  contains  24  test 
plots,  each  of  which  has  an  area  of  1/40  acre  (0.01  ha); 
the  total  test  area  occupies  approximately  3/5  acre  (1/4 
ha). 


TREATMENTS 

The  study  area  was  limed  with  a  lime  spreader  at  the 
rate  of  900  lb/acre  (1  009  kg/ha),  the  requirement  as 
calculated  by  a  university  laboratory  using  a  modified 
SMP  buffer  method  (Shoemaker  and  others  1961).  The 
lime  was  then  harrowed  into  the  ground  by  a  Triple-K' 
harrow  to  a  depth  of  about  8  inches  (20.3  cm). 

On  1 2  of  the  24  test  plots,  hay  was  used  as  soil  organic 
amendment  by  being  worked  into  the  surface  10  inches 
by  a  Howard  rotovator  at  the  rate  of  70  lb  (31 .75  kg)  per 
plot,  2,800  lb  per  acre  (3  136  kg/ha). 

Seeding  Methods 

The  three  seeding  methods  used  were: 

1.  Seeding  by  a  Brillion  seeder-packer  followed  by 
hydromulching  and  fertilizing. 

2.  Hydraulic  seeding  (Bowie  hydromulcher)  with 
simultaneous  mulching  and  fertilizing  (one-step 
method). 

3.  Hydraulic  seeding  followed  by  mulching  and  fertil- 
izing (two-step  method). 

Each  method  was  tested  on  both  amended  and  non- 
amended  plots,  giving  a  total  of  six  combinations  of 
treatments  randomly  located  (fig.  1). 

On  all  plots,  the  seed  mixture  (table  1)  was  applied  at 
the  rate  of  2- 1  /2  lb  ( 1 . 1 3  kg)  per  plot,  or  1 00  lb  (45.36  kg) 
per  acre  (112  kg/ha).  Plots  planted  by  the  seeder-packer 
were  later  fertilized  and  mulched  by  the  hydromulcher. 
The  fertilizer  (NPK  ratio:  10-34-0)|was  in  a  slurry  mixed 
with  wood-fiber  mulch  and  a  binding  agent.  Uniform 
application  rates  were: 


Lb/acre 

Kg/ha 

Seed 

100 

112 

Fertilizer 

907 

1  016 

Mulch 

2,000 

2  240 

Binding  agent 

40 

44.8 

Study  Site 

Experimental  treatments  reported  here  were  applied  to 
a  slightly  sloping  area  1 32  by  1 98  ft  (40.23  by  60.35  m)  of 


^The  use  of  trade,  firm,  or  corporation  names  in  this  publication  is  for 
the  information  and  convenience  of  the  reader  Such  use  does  not  con- 
stitute an  official  endorsement  or  approval  by  the  US  Department  of 
Agriculture  of  any  product  or  service  to  the  exclusion  of  others  which 
may  be  suitable. 
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■igure  1. — Layout  of  experimental  plots  at  Blackbird  mirie  by  numbers  and  treatments:  SP,  seeded  by  seeder- 
packer,  followed  by  application  of  mulct)  and  fertilizer;  SH,  hydroseeded,  followed  by  fiydromulching  and  fertili- 
zing; TH,  seed,  mulch  and  fertilizer  all  applied  by  fiydromulcfier  in  one  operation;  A,  amendment  by  addition  of 
hay;  and  NA,  no  amendment. 


Table  1.— Mixture  of  grasses  seeded  at  Blackbird  Mine,  October  1973 


Species 


mooth  brome  (Bromus  inermis) 

mothy  (Phleum  pratense) 

Ita  fescue  (Festuca  arundinacea) 

rchardgrass  (Dactylis  glomeratus) 

itermediate  wheatgrass  (Agropyron  intermedium)  Tegmar 

reat  Basin  wildrye  (Elymus  cinereus) 

leadow  foxtail  (Alopecurus  pratensis) 

lender  wheatgrass  (Agropyron  trachycaulum) 

lountain  brome  (Bromus  carinatus) 

Itermediate  wheatgrass  (Agropyron  intermedium)  Grenar 

ottlebrush  squirreltail  (Sitanion  hystnx) 


Mixture 


Weight 


Composition 


Pounds 

Kg 

Percent 

15 

6.804 

25 

8 

3.628 

13 

7 

3.175 

12 

7 

3.175 

12 

6 

2.721 

10 

5 

2.268 

8 

4 

1.814 

7 

3.8 

1.723 

6 

3 

1.360 

5 

1 

0.453 

2 

0.2 

0.090 

0.3 

Total  for  0.6  acre 


60.0 


27.21 


Hydroseeded  plots  (methods  2  and  3)  were  planted  by 
the  Bowie  hydromulcher.  In  method  2,  seed,  fertilizer, 
mulch,  and  binding  agent  were  mixed  together  in  the 
hydromulcher  and  applied  as  a  slurry  in  a  single 
operation  (one-step  method).  The  plots  seeded  by  the 
two-step  method  (method  3)  first  received  seed  and 
water  applied  by  the  hydromulcher,  then  a  slurry  of 
fertilizer,  mulch,  and  binder  was  sprayed  over  the  seed  at 
the  standard  rates  of  application. 

Two  years  after  seeding,  the  area  began  to  reacidify 
and  Richardson  recognized  that  the  present  method  of 
lime  determination  was  not  satisfactory.  After  incubating 
a  sample  of  the  spoils,  it  was  determined  that  at  least  4 
more  tons  of  calcium  carbonate  (CaCOj)  per  acre  (8  960 
kg/ha)  should  be  added  to  the  test  plots.  The  entire 
surface  area  was  relimed  at  this  rate.  Later,  a  more 
accurate  method  of  determining  lime  requirements  for 
these  spoils  was  developed  (Sorensen  and  others  1 980). 


DATA  COLLECTION 

Data  on  grass  production  were  collected  in  the 
summers  of  1974  and  1979  by  a  double  sampling 
technique  utilizing  a  Neal  capacitance  meter  (Neal  and 
Neal  1973).  Additionally,  in  1979,  we  collected  data  on 
individual  grass  species. 


RESULTS  AND  DISCUSSION 
Production 

Total  production  of  grass,  by  plots  and  treatments,  is 
summarized  in  table  2  and  figure  2.  The  decreased 
production  in  1 979  was  due  partly  to  unfavorable  weather 
(precipitation  was  22  percent  less  than  the  4-year 
average)  and  to  the  reduction  in  plant  nutrients.  Other 
factors,  such  as  reacidification,  probably  contributed. 
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Figure  2— Average  grass  production  by  treatment  at  Blaci<bird  Mine,  1974  and  1979:  SP,  seeded  by  seeder- 
pacl<er,  followed  by  application  of  mulch  and  treatments:  SH,  hydroseeded,  followed  by  hydromulching  and  ferti- 
lizing; TH,  seed,  mulch,  and  fertilizer  a'!  applied  by  hydromulcher  in  one  operation;  A,  amendment  by  addition  of 
hay;  and  NA,  no  amendment. 


Table  2. — Average  production  of  grass  in  experimental  plots,  by  treatment,  at  Blackbird  mine,  1974  and  1979 

Production 
Plots  treated  1974  1979 


1 


Treatment 


TH-NA 

1,2,    12,20 

TH-A 

3,  16,  23, '24 

SH-NA 

'6,9,  17,22 

SH-A 

4,  5,8,  13 

SP-NA 

7,  10,  15, 'l8 

SP-A 

11,  14,  19,21 

Lb/acre        Kg/ha 


Lb/acre 


Kg/ha 


323 

362 

486 

544 

337 

377 

645 

722 

661 

740 

674 

755 

372 

417 

246 

276 

340 

381 

371 

416 

441 

494 

469 

525 

Treatment  code: 

SP.  seeded  by  seeder-packer,  followed  by  application  of  mulch  and  treatments; 

SH,  hydroseeded.  followed  by  hydromulcfimg  and  fertilizing; 

TH,  seed,  mulch,  and  fertilizer  all  applied  by  hydromulcher  in  one  operation, 

A,  amendment  by  addition  of  hay; 

NA,  no  amendment 

2 

Study  site  extended  into  a  salt-affected  area  which  influenced  results  Those  plots  were  not  included  in  calculations 


Species 


Just  as  total  production  was  less  in  1979  than  in  1974, 
so  was  the  number  of  grass  species  in  the  stands.  In 
1979,  the  dominant  species  were  timothy,  orchardgrass, 
and  smooth  brome — all  introduced  species.  Other 
grasses  that  survived  the  6-year  period  were  the 
intermediate  wheatgrasses  and  Great  Basin  wildrye,  a 
native.  In  1979,  we  found  that  hairgrass  (Deschampsia 
caespitosa)  had  invaded  the  study  site,  especially  in 
areas  where  some  of  the  planted  grasses  had  declined 
because  of  reacidification. 


The  data  on  both  grass  production  and  persistence  of 
species  lead  to  the  following  conclusions: 

•  Seeding  by  the  seeder-packer  gave  higher  grass 
yields,  both  first  year  and  long  term,  than  either 
method  of  hydroseeding. 

•  On  areas  too  steep  for  the  seeder-packer,  the 
two-step  hydroseeding  and  mulching  system 
gave  higher  grass  yield  results  than  the  standard 
one-step  hydroseeding  technique. 


Although  plots  planted  by  the  standard  one-step 
system  produced  less,  stands  generally  are 
acceptable  in  terms  of  ground  cover  protection 
and,  at  the  same  time,  encourage  natural 
succession. 

Use  of  alfalfa  hay  as  a  soil  amendment  produced 
higher  yields  of  grass  in  1974  at  the  95  percent 
statistical  level,  but  this  benefit  was  not  so  evident 
after  6  years. 

The  rotary  tiller  is  not  a  satisfactory  implement  for 
mixing  organic  mulch  into  the  rocky  mine  spoils 
found  on  this  mine  because: 

1.  The  rotary  tiller  crushes  rocks  and 
increases  the  reactive  fraction  of  the  spoil.  The 
tiller  can  overpulverize  the  spoils,  destroying 
texture  and  decreasing  infiltration. 

2.  The  rotary  tiller  uses  more  energy  per 
cubic  foot  of  soil  moved  than  any  other  tillage  in- 
strument and  more  than  three  times  that  used 
by  the  moldboard  plow  (Buckingham  1976). 
Rocks  dull  the  blades,  and  hay  that  is  not  cut  by 
the  dull  blades  is  ineffective.  The  machine  is 
soon  destroyed. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation    with   Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 

The  paper  presents  the  results  of  a  5-year  study  of  the  soil-water  ionic  concentrations  of  copper,  iron, 
and  sulfate.  Ceramic  soil-water  samplers  were  installed  in  an  acid  producing  overburden  waste  dump.  A 
portion  of  the  waste  material  was  treated  with  lime,  topsoil,  and  fertilizer,  and  was  reseeded  to  a  heaw 
grass  stand.  Another  portion  of  the  waste  material  was  untreated.  For  this  acid  mine  drainage  situation 
two  conclusions  are  drawn:  ( 1 )  both  the  revegetated  and  unti  eated  ar eab  show  decreasimj  soil-watei 
ionic  concentrations  of  copper,  iron,  and  sulfate;  and  (2)  the  reveyetation  procedures  have  not  changed 
the  soil-water  ionic  concentrations  of  copper,  iron,  and  sulfate  as  compared  to  no  surface  treatment. 

The  use  of  trade,  firm,  or  corporation  names  in  this  publication  is  for  the  infotmation  and 
convenience  of  the  reader.  Such  use  does  not  constitute  an  official  endorsement  or  approval  by 
the  U.S.  Department  of  Agriculture  of  any  product  or  service  to  the  exclusion  of  others  which  may 
be  suitable. 
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INTRODUCTION 

Abatement  of  acid  drainage  arising  from  the 
oxidation  of  sulfide  mineral  mining  wastes  stored 
on  the  land  surface  has  probably  never  been 
accomplished  on  an  operational  scale,  short  of 
completely  submerging  the  waste  under  water. 
Submergence  is  an  effective  but  limited  treat- 
ment. Effective  abatement  programs  are  notice- 
ably absent  from  the  acid  mine  drainage  literature. 
However,  this  is  not  to  imply  that  some  abatement 
has  not  been  realized  in  the  past.  Where  abate- 
ment has  been  realized,  it  is  more  traceable  to 
nature  and  time  than  to  any  conscious  act  of 
people. 

Lime,  topsoil  covers,  and  vegetation  have  been 
suggested  as  a  means  of  reducing  the  acid  mine 
drainage  (AMD)  problem.  The  efficacy  of  vegeta- 
tion as  an  erosion  control  agent  cannot  be 
doubted.  Vegetation  can  break  the  cycle  of  ero- 
sion continually  exposing  new  unoxidized  sul- 
fides. It  has  also  been  suggested  that  topsoil  and 
vegetation  might  create  a  sufficient  oxygen  de- 
mand in  the  root  zone  to  reduce  sulfide  mineral 
oxidation  (Brant  and  others  1971),  but  the  reali- 
zation of  this  is  not  documented. 

This  paper  presents  the  results  of  a  5-year 
study  of  the  soil-water  ionic  concentrations  of 
copper,  iron,  and  sulfate  —  common  components 
of  AMD  in  the  western  United  States.  The  results  of 
the  study  highlight  the  intractability  of  the  prob- 
lem 


METHODS 

The  study  site  is  on  the  Blackbird  copper-cobalt 
mine  on  the  Salmon  National  Forest  near  Salmon, 
Idaho.  The  study  site  and  mine  property  have  been 
described  by  Farmer,  Richardson,  and  Brown 
(1  976).  The  overburden  waste  pile  at  the  study  site 
contains  approximately  1.1.  million  cubic  yards  (1 
million  cubic  meters);  the  maximum  fill  depth  is 
estimated  to  be  75  ft  (23  m);  the  elevation  of  the 
site  is  7,760ft  (2  365  m).Thewaste  pile  isabout  25 
years  old. 

During  MayandJuneof  1974,some45  access 
holes  were  drilled  to  depths  varying  from  4  to  61  ft 
(1 .2  to  1  8.5  m).  These  holes  were  spread  along  two 
line  transects  200  ft  (61  m)  apart.  Each  transect 
was  about  240  ft  (73  in)  long  on  nearly  level 
ground.  Porous  ceramic  cup  soil-water  samplers 
were  installed  in  each  hole.  In  holes  more  than  1  0 
ft  (3  m)  deep  the  samplers  were  constructed  after 


the  suggestions  of  Wood  (1973).  Prior  to  installa- 
tion, each  ceramic  cup  was  washed  at  least  three 
times  with  IN  HCL  and  rinsed  with  deionized 
water. 

Shortly  after  thie  soil-water  samplers  were  in- 
stalled, the  surfaces  to  10  inches  (200  to  250  mm) 
of  overburden  was  removed  from  one  of  the  line 
transects.  This  shallow  excavation  extended  the 
full  length  of  the  transect,  240  ft  (73  m),  for  about 
100  ft  (30  m)  to  either  side  of  the  transect.  This 
excavation  was  replaced  with  local  forest  topsoil 
and  shallow  subsoils.  The  operation  resulted  in  an 
area  topsoi led  with  8  to  1  0  inches(200  to250  mm) 
of  native  soils  with  no  change  in  the  surface 
elevation. 

During  topsoiling,  1 ,800  lb/acre  (2  030  kg/ha)  of 
burnt  lime  (CaO)  was  incorporated  into  the  topsoil. 
The  topsoiled  area  sat  fallow  during  the  summer. 
In  early  October  1  974,  an  additional  4,000  lb/acre 
(4  470  kg/ha)  of  burnt  lime  was  incorporated  into 
the  topsoil.  The  topsoiled  area  was  heavily  re- 
seeded  to  a  mixture  of  native  and  introduced 
grasses,  was  fertilized  with  1,300  lb/acre  (1  420 
kg/ha)  of  liquid  10-34-0,  and  mulched  with  2,700 
lb/acre  (3  050  kg/ha)  of  wood  fiber.  In  July  1  975, 
the  topsoiled  area  was  refertilized  with  225  lb/ 
acre  (254  kg/ha)  of  a  slow  release  26-3-5  fertilizer. 
In  September  1975,  the  revegetated  area  was 
relimed  with  4,500  lb/acre  (5  080  kg/ha)  of  agri- 
cultural crushed  limestone. 

These  operations  resulted  in  two  line  transects 
of  soil-water  samplers.  One  transect  was  untreat- 
ed and  completely  devoid  of  vegetation;  the  waste 
dump  had  never  revegetated  naturally.  The  other 
transect,  for  a  width  of  about  200  ft  (61  m),  was 
topsoiled,  limed,  and  revegetated  to  a  heavy  stand 
of  grass,  about  2,500  lb/acre  (2  800  kg/ha)  air-dry 
weight  in  the  second  growing  season. 

The  soil-water  samplers  were  evacuated  with  a 
vacuum  pump  driven  by  a  one-third  horsepower 
electric  motor.  A  portable  electric  generator  sup- 
plied electricity.  Between  sample  dates  the 
samplers  were  left  under  vacuum.  They  were  also 
reevacuated  24  hours  prior  to  the  collection  of  the 
soil-water  sample.  Sample  size  varied  consider- 
ably, both  spatially  and  temporally,  from  a  few 
milliliters  to  nearly  a  liter.  Regardless  of  sample 
size,  the  entire  sample  was  removed  on  each 
sample  date. 

Soil-water  samples  were  stored  in  clean  poly- 
propylene 250  ml  bottles.  The  samples  were  not 
acidified,  but  were  refrigerated  and  transported 
back  to  the  laboratory.  Analyses  for  copper,  total 


iron,  and  sulfate  were  performed  in  the  Soil  and 
Water  Analysis  Laboratory  of  Utah  State  Univer- 
sity, Logan,  Utah. 

For  reasons  mostly  unknown,  1 3  of  the  installed 
samplers  ceased  to  function  during  the  study 
period.  The  results  of  the  remaining  32  are  re- 
ported here.  The  data  were  screened  to  assure 
that  each  soil-water  sampler  used  in  the  analysis 
was  represented  in  both  the  1974-75  and  1977- 
79  sample  periods. 

A  lot  of  variation  exists  within  the  data;  the  data 
may  also  be  biased  due  to  the  differential  ex- 
change properties  of  the  ceramic  cups  (Grover 
and  Lamborn  1979;  Severson  and  Grigal  1976; 
Hansen  and  Harris  1975).  Probable  sources  of 
data  variation  include  variable  intake  rates  of  the 
ceramic  cups,  a  long  extraction  time  (Severson 
and  Grigal  1 976),  a  nonhomogenous  soil  solution, 
and  the  phenomenon  whereby  ions  in  a  soil  solu- 
tion do  not  vary  inversely  with  soil-water  content 
(Reltemeier  1946). 

Although  the  data  are  variable,  there  are  491 
observations,  including  ionic  concentrations  of 
copper,  iron,  and  sulfate. 

Multivariate  cluster  analysis  operates  under 
less  restrictive  assumptions  than  some  other  sta- 
tistical techniques  —  analysis  of  variance  for  in- 
stance (Davis  1973).  This  is  probably  advanta- 
geous in  field  problems  involving  complex  and 
interacting  processes  that  are  impressible  to  iso- 
late and  study  individually.  This  is  the  case  in  the 
present  instance,  where  it  is  necessary  to  sort  out, 
a  posteriori,  the  influence  of  revegetation. 

The  data  contain  491  samples  from  32  sample 
tubes;  21  tubes  on  the  revegetated  area  and  1 1 
tubes  on  the  untreated  (bare)  area.  The  samplers 
on  the  revegetated  area  average  21  ft  (6.4  m) 
deep,  with  a  range  from  4  to  61  ft  (1.2  to  18.6  m). 
The  samplers  on  the  untreated  area  averaged  1 6  ft 
(4.9  m)  deep,  with  a  range  from  4  to  44  ft  (1.2  to 
13.4  m).  The  data  were  not  separated  by  depth.' 

Sampling  dates  were: 

7/25/74  6/15/77 

8/29/74  9/1/77 

3/12/75  10/19/77 

5/29/75  6/14/78 

6/25/75  10/14/78 

7/17/75  6/14/79 

^An  analysis  of  variance  test  on  both  the  treated  and 
untreated  areas  suggests  that  there  is  no  difference  in  the  data 
due  to  depth,  probability  =  0.9. 


RESULTS 


On-site  precipitation  was  measured  with  an 
aluminum  standpipe  storage  gage  fitted  with  an 
Alter  windshield.  For  the  water  years  (Oct.  1  to 
Sept.  30)  1 975,  1  976,  1  977,  and  1  978,  the  preci- 
pitation amounts  were  25.5  inches  (648  mm),  20 
inches  (508  mm),  23.5  inches  (597  mm),  and  16 
inches  (406  mm),  respectively.  There  are  no  long- 
term  precipitation  records  available  for  this  site, 
but  the  4-year  measured  precipitation  is  probably 
less  than  a  30-year  average 

Considering  the  basic  statistics  of  the  samples, 
number  of  observations,  mean,  standard  devia- 
tion, and  range,  there  does  not  appear  to  be  any 
difference  in  the  ionic  concentrations  of  the  soil 
water  due  to  revegetation  (table  1 ).  However,  both 
the  revegetated  and  untreated  areas  appear  as 
though  some  improvement  in  water  quality  has 
taken  place  over  time.  At  least  the  sample  ionic 
means  show  some  reduction.  However,  the  large 
sample  standard  deviations  increase  the  uncer- 
tainty of  any  statistical  inference  purporting  to 
show  differences  between  sample  means. 

Cluster  Analysis 

Hierarchial  cluster  analysis  was  performed  at 
the  computer  center  of  Utah  State  University, 
Logan  (Marshall  and  Romesburg,  undated).  The 
data  for  each  ion  were  standardized  by  subtract- 
ing the  mean  from  the  observed  value  and  dividing 
the  result  by  the  standard  deviation.  This  pro- 
cedure ensures  that  each  value  in  the  data  matrix 
is  weighted  equally  (Sneath  and  Sokal  1 973).  The 
resemblance  coefficient  was  the  m  -  space  Eucli- 
dian distance,  d...,  which  is  a  measure  of  dissimi- 
larity, 


« 


U 


"ir 


m 


l<=1 


^^ik'^jl<y 


/m 


1/2 


where  Xy^  denotes  the  k\h  variable  measured  on 
/  th  object.  In  all,  m  variables  are  measured  for  each 
object  and  dy.  is  the  distance  between  the  /th  and 
yth  objects.  As  you  would  expect,  a  small  distance 
indicates  that  the  objects  are  similar  while  a  large 
distance  indicates  dissimilarity.  The  m-space  Euc- 
lidian distance  ranges  from  zero  to  infinity.  The 
clustering  technique  used  was  the  unweighted 
pair-group  method  using  arithmetic  averages 
(UPGMA). 
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Figure   1.— Dendrogram  of  soil-water  samplers  on  the  revegetated  and  untreated  areas.    1974-7b. 

Coptienetic  correlation  =-  0.92. 


For  these  data  the  "objects"  were  the  ceramic 
cup  soil-water  samplers  and  the  variable  for  each 
object  was  the  mean  ionic  concentration  of  cop- 
per, iron,  and  sulfate.  The  analysis  was  to  deter- 
mine which  of  the  soil-water  smaplers  are  similar 
and  which  dissimilar.  This  information  can  be 
i/isuaiized  in  dendrograms,  or  trees.  A  way  to 
conceptualize  a  dendrogram  is  to  imagine  how 
objects  look  as  one  gets  progressively  farther 
away  from  them.  Up  close,  d,  =  0,  every  sampler  is 
seen  mdividually.  As  the  distance  increases,  mdi- 
^/idual  samplers  become  progressivley  more  dif- 
ficult to  discern  and  the  observer  sees  only  groups 
of  samplers.  Finally,  at  the  greatest  distance,  no 
individuals  are  seen,  and  only  one  large  group 
comprising  the  entire  set  of  objects  can  be  dis- 
cerned. This  distance  abstraction  is  evident  in  the 
following  dendrograms. 


Revegetated  vs.  Untreated 
Areas,  1974-75 

The  dendrogram  of  soil-water  samplers  on  the 
revegetated  and  untreated  areas  for  this  period 
does  not  indicate  strong  similarities  between 
samplers  within  either  area  (fig.  1).  The  decision 
about  where  to  cut  the  tree  is  subjective  and  is 
analogous  to  distance  abstraction.  If  we  cut  the 
tree  at  about  one-fourth  of  the  total  Euclidian 
distance,  we  divide  the  samplers  into  seven 
groups  of  similar  soil-water  samplers  (table  2). 

In  the  total  set  of  samplers,  21  are  on  the 
revegetated  area  and  1  1  on  the  untreated  area. 
The  distribution  of  the  samplers  (table  2)  does  not 
suggest  any  strong  degree  of  grouping  withm 
either  the  revegetated  or  untreated  area. 


Table  1  .—The  number  of  samples,  mean,  standard  deviation,  and  range  for  copper,  iron, 

and  sulfate  in  the  soil  water  samples,  mg/liter 


Revegetated  area 


1974-75 


1977-79 


Untreated  area 


1974-75 


1977-79 


Copper,  Cu 


Total  iron,  Fe 


n=57 
x=3.43 
S.d.  =10.13 
range=0  to  60.1 

N=57 
x=0.41 
S.d.  =0.47 
range=0  to  1.9 


n=53 
x=2.30 
S.d.  =  7.73 
range=0  to  44.2 

n=53 
x=0.11 
S.d.=0.22 
range=0  to  1.3 


n=31 
x=2.67 
S.d  =9.42 
range=0  to  52.0 

n=35 
x=0.60 
S.d.=0.62 
range=0  to  2.6 


n=25 
x=0.72 
S.d.=  1.65 
range=0  to  7.8 

n=26 
x=0.16 
S.d.=0.47 
range=0  to  2.4 


Sulfate,  SO4  n=52  n=50  n=27  n=25 

x=585.75  x=271.08  x=498.41  x=220.41 

S.d.=486,56  S.d.=  292.77  S.d.  =459.89  S.d. =233. 49 

range=19  to  1,477  range=5  to  1 ,040  range=1  0  to  1 ,462   range=<1  to  745 


Table  2. —Sampler  groups  resulting  if  the  dendrogram  is  cut  at  a  distance  of  0.75 


Number 

of 

Number 

n 

Number  in 

Group 

samplers 

revegetated 

area 

untreated  area 

1 

10 

6 

4 

2 

8 

5 

3 

3 

8 

5 

3 

4 

2 

1 

1 

5 

1 

1 

— 

6 

2 

2 

— 

7 

1 

1 

Based  on  the  evidence  in  figure  1  and  table  1, 
we  conclude  there  probably  was  no  difference  in 
the  soil-water  quality  underlying  the  revegetated 
and  untreated  areas  in  this  sample  period. 


Revegetated  vs.  Untreated 
Areas,  1977-79 


ever  the  tree  is  cut,  there  is  no  convincing  group- 
ing of  samplers  within  the  revegetated  or  un- 
treated areas. 

Based  on  the  evidence  in  table  1  and  figure  2, 
we  conclude  there  were  no  differences  in  the  soil- 
water  quality  underlying  the  revegetated  or  un- 
treated areas  in  this  period. 


The  dendrogram  for  this  sample  period  on  the 
revegetated  and  untreated  areas  indicates  no 
strong  similarities  within  either  area  (fig.  2).  Wher- 
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Figure  2 —Dendrogram  of  soil-water  samplers  on  the  revegetated  and  untreated  areas.    1977-79. 

Cophenetic  correlation  =  0.95. 


Jntreated  1 974-75  vs.  Untreated 
1977-79 

The  dendrogram  using  the  samplers  on  the 
ntreated  area  only  for  both  sample  periods  indi- 
ates  a  tendency  for  sampler  grouping  by  samp- 
ng  period  (fig.  3). 

Since  the  same  samplers  are  shown  twice  in 
gure  3,  once  for  1974-75,  once  for  1977-79,  an 
■ven  split  within  dendrogram  groups  by  years 
/ould  indicate  no  difference  in  the  water  quality 
rom  1974-75  to  1977-79.  However,  that  is  prob- 
ibly  not  the  case.  If  the  tree  is  cut  3t  0.70,  seven 


groups  of  similar  soil-water  quality  emerge  (table 
3.)  Most  of  the  1977-79  samplers  are  contained 
within  the  first  group  and  are  represented  twice  as 
often  as  would  happen  by  chance.  Groups  4,  5,  6, 
and7containmoreofthe1  974-75  samplers  than 
would  be  expected  by  chance.  In  this  case  there  is 
a  tendency  for  1974-75  results  to  group,  and  for 
1977-79  results  to  group.  In  other  words,  the 
1  977-79  samplers  are  more  similar  to  each  other 
than  they  are  to  the  1974-75  samplers. 

Based  on  the  evidence  in  figure  3  and  table  1, 
we  conclude  there  is  a  difference  in  the  soil-water 
quality  from  1  974-75  to  1  977-79.  The  concentra- 
tion of  copper,  iron,  and  sulfate  has  decreased. 
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Figure  3.— Dendrogram  of  soil-water  samplers  on  the  untreated  area  only,   1974-75  and  1977-79. 

Cophenetic  correlation  =  0.88. 


Table  3.— Sampler  groups  resulting  when  the  dendrogram  In  figure  3  is 

cut  at  a  distance  of  0.70 


Group 


Number 

of 
rs 

Untreated 

sample 

1974-75 

1977-79 
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4 
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1 
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Figure  4.— Dendrogram  of  soil-water  samplers  on  the  revegetated  area  only  1974-75  and  197  7-79. 

Cophenetic  correlation  =  0.93. 


Revegetated  1974-75  vs. 
Revegetated  1977-79 

The  dendrogram  for  the  revegetated  area  in 
1  974-75  and  1  977-79  (fig.  4)  exhibits  a  tendency 
similar  to  that  of  the  untreated  area.  That  is,  the 
1  974-75  samples  tend  to  group,  as  do  the  1  977- 
79  samples. 

We  conclude  that  there  has  been  some  real 
change  in  water  quality  on  the  revegetated  area 
over  time;  the  concentration  of  copper,  iron,  and 
sulfate  has  decreased. 


ing  the  influence  of  revegetation  on  water  quality 
in  this  acid  mine  waste  situation: 

1.  Both  the  revegetated  and  untreated  areas 
show  decreasing  soil-water  ionic  concen- 
trations of  copper,  iron,  and  sulfate  over  the 
1974-79  study. 

2.  The  revegetation  procedures,  including  top- 
soiling  and  liming  and  subsequent  vegeta- 
tive growth,  have  not  changed  the  soil-water 
ionic  concentrations  of  copper,  iron,  and 
sulfate  as  compared  to  no  surface  treat- 
ment. 


CONCLUSIONS  AND 
DISCUSSION 

On  the  basis  of  the  data  (table  1)  and  cluster 
analysis  results,  we  draw  two  conclusions  regard- 


Regarding  the  first  conclusion,  what  is  the  prob- 
able cause  of  the  decreasing  amounts  of  soluble 
iron,  copper,  and  sulfate  in  the  soil  water?  There  is 
a  temptation  to  suggest  the  oxidation  reactions 
are  slowing  down  because  the  most  reactive  spoil 


fractions  have  already  oxidized  or  because  the 
reactive  zone  is  deeper  than  it  used  to  be.  How- 
ever, the  argument  is  probably  specious.  We  have 
no  evidence  that  the  oxidation  rate  is  slower  now 
than  it  was  in  1974.  And  if  the  depth  to  the  reactive 
zone  was  a  strong  variable,  the  area  covered  with 
topsoil  would  be  expected  to  be  different  from  the 
untreated  area.  A  more  plausible  suggestion  is 
that  the  areas  that  have  been  revegetated  since 
1975  (virtually  all  of  the  waste  dump  except  the 
untreated  area  of  this  study)  have  reduced  sulfide 
mineral  dust  production  to  the  point  where  real 
changes  in  the  soil-water  quality  are  occurring. 
Dust  is  an  important  component  of  the  acid  cycle 
on  this  mine  (Farmer  and  Richardson  1980). 

Regarding  the  second  conclusion,  the  biologi- 
cal oxygen  demand  created  by  roots  and  microbes 
in  the  topsoil  apparently  has  no  detectable  effect 
on  the  oxidation  rate  of  the  sulfide  minerals.  The 
suggestion  that  a  thin  layer  of  topsoil,  and  a  heavy 
stand  of  grass,  can  reduce  or  stop  the  oxidation  of 
waste  sulfide  minerals  no  longer  appears  justifi- 
able. 

These  conclusions  do  not  reduce  the  value  of  a 
heavy  vegetative  cover  on  mining  waste  piles.  The 
principal  value  of  vegetation  on  mining  wastes  has 
always  been  to  build  the  edaphic  qualities  of  the 
spoil  and  to  control  surface  erosion  by  water.  This 
work  suggests  that  dust  control  by  vegetation  is 
also  important. 

The  soil-water  ionic  concentrations  measured 
in  this  work  are  many  times  greater  than  would  be 
expected  for  undisturbed  conditions.  For  in- 
stance, an  adjacent  watershed  unaffected  by  min- 
ing shows  mean  streamflow  concentrations  of 
copper,  iron,  and  sulfate  of  0.10.  0.12,  and  4.99 
mg/liter,  respectively.  While  streamflow  values 
may  not  be  completely  comparable  with  soil-water 
values,  soil  water(both  saturated  and  unsaturated 
flow)  is  the  basis  for  perennial  streamflow  in  moun- 
tain channels. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation   with    Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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RESEARCH  SUMMARY 

A  simulator  for  predicting  even-  and  uneven-aged  stand 
development  was  constructed  and  validated  for  the  ponderosa 
pine/Arizona  fescue  habitat  type  of  the  Southwest.   The  structure 
and  dynamics  of  the  simulator  make  it  potentially  useful  for 
answering  both  even-  and  uneven-aged  management  questions. 

The  primary  framework  for  the  simulator  is  two  diameter 
distributions,  one  for  blackjack  pine  and  the  other  for  yellow 
pine  (both  are  different  vigor  classes  of  ponderosa  pine) .   The 
diameter  distributions  are  expressed  as  number  of  trees  in  each 
1-inch  diameter  class,  and  the  lowest  diameter  class  is  4  inches 
for  uneven-aged  stands  and  1  inch  for  even-aged  stands.   Within 
this  framework,  there  are  four  basic  components:  upgrowth, 
mortality,  conversion,  and  ingrowth. 

Upgrowth  is  the  movement  of  trees  from  a  given  diameter 
class  into  larger  diameter  classes.   It  was  modeled  as  a  function 
of  the  distribution  of  trees  within  the  diameter  class  and  of 
basal  area  growth  of  the  diameter  class.   During  modeling,  diam- 
eter class  basal  area  growth  rates  of  even-  and  uneven-aged 
stands  were  shown  to  be  logically  interrelated  if  the  structure 
of  within-stand  competition  is  incorporated  in  the  model. 

Diameter  class  mortality  was  modeled  as  the  proportion  of 
trees  dying  to  eliminate  the  problem  of  negative  survival  rates. 
Even-  and  uneven-aged  endemic  mortality  rates  also  proved  to  be 
logically  interrelated  if  catastrophic  mortality  was  treated  in  a 
fashion  similar  to  cutting  "mortality." 

Conversion  is  the  process  in  which  blackjack  pines  transform 
into  yellow  pines.   As  with  mortality,  conversion  was  modeled  as 
a  proportion  of  the  diameter  class  transforming. 

The  final  component  of  the  simulator  is  ingrowth,  which  is 
the  number  of  trees  growing  into  the  4-  or  5-inch  diameter  classes 
of  blackjack  pine.   Data  restrictions  precluded  the  development 
of  a  regeneration  model  and  limited  the  ingrowth  model  to  uneven- 
aged  stands.   For  even-aged  stands,  it  is  assumed  that  no  (or 
insignificant)  trees  exist  below  the  1-inch  diameter  class. 
Simulator  applications  are  further  restricted  to  stands  with  an 
average  stand  diameter  of  4  inches  or  greater. 

Two  equations  were  needed  to  model  the  ingrowth  process. 
The  first  predicts  the  total  number  of  trees  ingrowing  into  the 
4-  and  5-inch  diameter  classes.   The  second  equation  predicts 
the  proportion  of  total  ingrowth  that  will  through  grow  into  the 
5-inch  diameter  class  in  the  same  growth  period. 

During  the  validation  process,  an  assumption  made  by  past 
uneven-aged  modelers  was  tested:  that  small  plots  have  the  same 
structure  and  dynamics  as  the  total  stand  and  can  therefore  be 
used  to  develop  whole  stand  simulators.   From  this  analysis,  I 
concluded  that  developing  a  simulator,  using  2.5-acre  plots,  and 
then  using  it  to  predict  stand  averages  generally  reduces  both 
the  precision  and  accuracy  of  the  stand  estimates.   In  this 
study,  however,  the  loss  appears  not  too  severe  for  most  potential 
uses  of  a  whole  stand  simulator. 
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STUDY  OBJECTIVES 

Recent  publications  (USDA  Forest  Service  l!:)7S,  i;)7(.;  AU-xaiukM-  ,iiul  lAlminstn-  l'.)7:";i,  l'.)7"b; 
Hann  and  Bare  1979)  suggest  a  renewal  of  interest  in  uneven-aged  f  n'l^st  iiianagenieiit  .   lianii  and 
Bare  (1979)  reviewed  major  cjucstions  facing  a  forest  manager  i  nt  ercst  rd  in  pract  i  e  i  ni',  iinrvcn- 
aged  management  and  summarized  the  analytical  tools  currentl}'  available  to  answn-  these  ques- 
tions.   They  demonstrated  the  important  role  stand  development  s  i  mu  1  at  m-s  j'la\-  in  iiiakinj', 
decisions  using  some  of  the  more  recent  anal\'tical  t(n:»ls.   The  const  laiet  i  on  of  appropriate 
stand  development  simulators  is  therefore  a  prerecju  i  si  te  to  the  a|)plication  of  these  analxtical 
tools . 

A  number  of  simulator  t\iies  have  lieen  developed  in  recent  \-ears  [Munro  1971).   But  trchno- 
logical  limitations  of  tlie  available  uneven-aged  analytical  tools  recpiire  usiii;',  wliole-stand 
simulators  that  cliaracterize  the  stand  by  at  least  tlie  inimber  of  trees  in  various  diametei' 
classes  (Adams  1974;  Adams  and  Ek  197-1,  197h;  Hann  197S).   With  this  constraint,  the  objectives 
of  this  study  became: 

1.  To  examine  the  dynamics  of  luicven-aged  stand  development  in  tlie  ponderosa  pine/ 
Arizona  fescue  habitat  tNqie  by  developing  a  whole-stand  simulator  that  would  liave  tlie  potential 
for  aiding  forest  managers  in  answering  questions  concerning  uneven-aged  management.   Ponderosa 
pine  was  chosen  because  it  is  one  of • the  few  species  in  the  West  for  which  ]iermanent  plot  data 
exist  for  both  even-  and  uneven-aged  stands. 

2.  To  examine  wliether  even-  and  uneven-aged  stand  development  in  ponderosa  jii  ne/Ar  i  ::ona 
fescue  could  logically  be  interrelated  and,  if  so,  to  develop  the  whole-stand  simulator  to  bc^ 
applicable  to  both. 

5.   To  validate  the  whole-stand  simulator  by  anal\'zing  its  ca]ialiility  to  predict  lioth 
average  plot  and  average  stand  development. 

PREVIOUS  UNEVEN-AGED,  WHOLE-STAND  SIMULATORS 

Two  apjiroaches  to  the  development  of  uneven-aged,  whole-stand  simulators  have  been 
reported.   The  first  approach  uses  differential  equations  and  the  second  uses  difference 
equations  to  characterize  stand  dynamics.   The  differential  equation  approach  is  based  on  using 
instantaneous  rate  equations  to  model  stand  dyiiamics.   Two  alternate  techniques  exist  for 
parameter  estimation  of  the  instantaneous  rate  eciuations.   In  the  first  techniijue,  modelers 
approximate  the  instantaneous  rates  through  use  of  periodic  rates  that  have  been  converted 
to  an  annual  basis,  and  then  estimate  the  parameters  through  regression  anal>'sis  (Moser  and 
Hall  1909;  Moser  1972,  1974).   If  the  length  of  the  growth  period  is  short  and  if  tlie  instan- 
taneous rates  do  not  change  drastically  within  the  period,  then  this  technicpie  can  provide 
satisfactory  estimates  of  the  instantaneous  rate  ecjuations.   The  second  techniijue  uses  the 
multipoint  boundary  value  method  to  develop  parameter  estimates  of  the  instantaneous  rate 
equations  (Leary  1970).   This  process  is  a  common  numerical  analysis  method  but  requires  data 
from  at  least  three  different  points  in  the  development  of  the  stand.   While  Learv's  (19T"0)  use 
of  this  method  was  in  even-aged  stands,  it  would  also  be  appropriate  in  uneven-aged  stands. 


The  second  approach  recognises  that  most  forest  rate  data  are  periodic  in  nature  and, 
therefore,  an  appropriate  way  to  model  them  is  by  using  difference  equations.   An  example  of 
an  uneven-aged,  whole-stand  simulator  using  this  approach  is  Ek's  (1974)  mixed  species,  north- 
ern hardwood  simulator  that  characterizes  the  stand  by  number  of  trees  in  2-inch  diameter 
classes.   In  this  simulator,  the  number  of  trees  in  each  diameter  class  at  the  end  of  a  growth 
period  is  a  linear  combination  of  ingrowth,  upgrowth,  and  mortality.   Ingrowth  is  the  number 
of  trees  growing  into  the  smallest  diameter  class  in  a  growth  period,  and  Ek  modeled  it  as  a 
nonlinear  function  of  total  stand  basal  area  and  total  number  of  trees.   Upgrowth  is  the 
number  of  trees  growing  out  of  a  specified  diameter  class  in  a  growth  period,  and  it  was 
modeled  as  a  nonlinear  function  of  number  of  trees  and  basal  area  in  the  diameter  class,  total 
number  of  trees  and  basal  area  in  the  stand,  and  site  index.   Mortality  is  the  number  of  trees 
In  a  specified  diameter  class  that  die  in  a  growth  period,  and  it  was  modeled  as  a  nonlinear 
function  of  number  of  trees  and  basal  area  in  the  diameter  class,  and  total  number  of  trees 
and  basal  area  in  the  stand.   Equations  were  also  developed  for  predicting  rough  cordwood 
volume  and  board-foot  volume.   Cuttings  were  introduced  by  reducing  the  number  of  trees  in  the 
appropriate  diameter  class  at  the  end  of  the  growth  period. 

As  a  demonstration  of  the  application  of  the  uneven-aged  analytical  decisionmaking  tools 
they  had  developed,  Adams  and  Ek  (1974)  used  a  modified  version  of  Ek's  (1974)  model. 

The  difference  equation  approach  was  used  in  this  study  for  two  reasons.   First,  the 
development  of  difference  equations  appeared  to  be  the  most  logical  use  of  the  periodic  data 
available.   Because  the  data  source  and  the  equation  type  are  both  periodic,  it  is  not  necessar} 
to  make  numerical  approximations  in  order  to  develop  and/or  apply  the  equations.   Most  models 
using  differential  equations  do  require  numerical  approximation  methods  to  estimate  parameters 
and/or  to  solve  them. 

Second,  the  use  of  difference  equations  avoids  potential  problems  of  inappropriately 
applying  the  equations  to  growth  periods  different  from  that  used  in  equation  development. 
Because  of  the  continuity  of  differential  equations,  it  is  possible  to  predict  growth  for  any 
period.   The  differential  equations  are  usually,  however,  approximations  of  the  true  continuous 
growth  process  (not  only  can  the  parameter  estimates  be  approximations,  but  the  model  forms 
themselves  are  often  approximations) .   As  such,  they  should  not  be  applied  to  growth  periods 
much  different  from  those  used  in  equation  development  or  else  erroneous  results  can  occur.   On 
the  other  hand,  in  normal  use  difference  equations  can  only  be  used  to  predict  growth  for 
periods  equal  to  those  used  to  develop  the  equations.   Multiple  periodic  growth  (or  fractional 
periodic  growtli,  if  the  user  wishes  to  chance  extending  the  equations  in  that  fashion)  is 
derived  from  these  periodic  growth  rates. 

STUDY  DATA  BASE 
Plot  Characteristics 

The  data  used  in  this  study  were  from  the  Fort  Valley  Experimental  Forest,  located  a  few 
miles  northwest  of  Flagstaff,  Arizona.   The  uneven-aged  data  consist  of  long-term  remeasure- 
ments  on  four  80-acre  plots.   Each  plot  has  been  divided  into  32  or  34  subplots  ranging  in  size 
from  0.5  to  3.1  acres,  but  most  of  these  subplots  average  near  2.5  acres  in  size.   The  measure- 
ment of  the  plots  started  either  in  1920  or  1925,  and  remeasurements  have  occurred  at  5-year 
intervals  until  the  1960's  when  the  interval  was  lengthened  to  10  years.   The  two  attributes 
recorded  on  every  tree  above  the  lower  diameter  limit  were  diameter  at  breast  height  (d.b.h.) 
and  tree  condition  (a  classification  as  to  presence  of  a  damaging  agent  if  the  tree  is  alive, 
or  to  the  cause  of  mortality  if  the  tree  has  died  within  the  previous  growth  period).   Age 
class  and  age-vigor  class  of  each  tree  were  measured  every  fourth  growth  period.   Age  class 
categorizes  a  tree  as  being  blackjack  or  yellow  pine,  and  age-vigor  uses  age  and  size  infor- 
mation, in  combination  with  the  previous  20-year  average  diameter  growth  rate,  to  help  identify 
the  tree's  growth  potential.   The  lower  diameter  limit  was  first  set  at  3.6  inches  (the  lower 
bound  for  the  4-inch  diameter  class).   It  was  then  changed  to  7.6  inches  in  1940,  and  recently 
to  6.0  inches.   A  brief  history  and  description  of  each  uneven-aged  plot  is  in  table  1. 


Tabic  I . --History   and  description   of   uneven-aged   study   plots 


Plot 
No.  Description 


bl  Represents  virgin  ponderosa  pine.   The  south  lialf  of  the  plot  was  first 

measured  in  1920  and  the  other  lialf  in  li)2S.   Average  site  index  of  this  plot 
lias  been  estimated  to  be  approximately  (i7  by  Minor's  (iy()4)  site  curve. 

62  First  measured  in  1921).   It  was  salvage  cut  in  1910  and  again  in  19S3. 

Average  site  index  is  75  (Minor  19041. 

71  Had  a  modified  selection  cut  in  1924,  followed  by  its  first  measurement  in  192S. 
A  timber  stand  improvement  (T.S.I.  J  cut  occurred  in  19.S5,  an  improvement 
selection  cut  in  1946,  a  precommerc ia 1  thinning  in  19b7,  and  a  group  selection 
cut  in  1968.   The  basal  area  stocking  level  now  established  as  a  goal  for  this 
plot  is  96  square  feet.   Average  site  index  is  73  (Minor  1964). 

72  Treatment  has  been  identical  to  that  of  plot  71.   The  basal  area  stocking  level 
now  set  for  this  plot,  however,  is  70  square  feet.   Average  site  index  is  70 
(Minor  1964) . 

The  even-aged  data  came  from  the  Taylor  Woods  level  of  growing  stock  study,  located  very 
:lose  to  the  uneven-aged  plots  (Schubert  1971),  and  consisting  of  18  plots  ranging  in  si^e  from 
).75  to  1.25  acres.   Tliese  plots  represent  three  replications  of  six  growing  stock  levels  (50, 
jO,  80,  100,  120,  and  150  square  feet  of  basal  area).   The  plots  were  measured  in  1962,  19()7, 
md  1972.   They  were  thinned  in  1962  and  1972  (the  1962  thinning  was  before  measurement).   All 
:rees  on  the  plots  were  measured.   Average  site  index  for  the  study  area  is  88  (Minor  1964). 

The  attributes  measured  on  each  tree  include  d.b.h.,  tree  condition,  crown  class  (whether 
1  tree  was  a  dominant,  codominant,  and  so  forth),  crown  quality  (the  condition  of  tlie  crown), 
md  percent  of  the  bole  in  live  crown.   On  a  subsamplc  of  the  trees,  the  following  additional 
Items  were  measured:  total  tree  height,  crown  length,  and  crown  width. 

Data  Problems 

While  this  data  source  is  unusual  for  the  West  because  it  provides  both  even-aged  data  and 
Long-term  uneven-aged  growth  data,  it  also  posed  numerous  modeling  ]-)roblems.   A  brief  discus- 
sion follows  on  these  problems  and  the  actions  taken  to  minimize  them.   See  ajipendix  A  for  a 
nore  complete  discussion. 

1.  All  of  the  data  used  in  this  study  came  from  a  narrow  geographic  and  site  range, 
rherefore,  it  is  recommended  that  the  simulator  developed  in  this  study  be  applied  onl\-  to 
stands  on  the  ponderosa  pine/Arizona  fescue  (Pinus  ponderosa/Festuca   arizonica)    habitat  t\-pe  of 
lorthern  Arizona. 

2.  Because  of  changes  in  the  lower  limit  of  diameter  measurements,  only  data  measureti  up 
to  1940  were  used  to  estimate  component  model  parameters. 

5.   An  intrusion  of  a  major  paved  highway  through  all  of  the  uneven-aged  jilots  necessi- 
tated the  removal  of  some  subplots. 

4.   As  mentioned  earlier,  a  wide  range  of  suliplot  sizes  exists  on  the  unc\en-aged  plots, 
ro  avoid  a  potential  problem  of  confounding  subplot  stand  differences  with  subjilot  size  ditter- 
snces,  all  uneven-aged  subplots  below  2  acres  were  eliminated  from  the  data  base. 


5.   Because  of  a  lack  of  height -growth  data  on  the  uneven-aged  plots,  development  of  a 
height -growth  model  was  not  possible.   Instead,  additional  data  needed  for  the  development  of 
height-diameter  equations  were  obtained  from  the  School  of  Forestry  at  Northern  Arizona  Uni- 
versity and  from  the  Rocky  Mountain  Forest  and  Range  Experiment  Station  at  Flagstaff. 


Plot  and  Subplot  Allocation 


Witli  the  elimination  of  the  small  subplots  and  those  seriously  affected  by  the  highway, 
110  uneven-aged  subplots  remained.   Of  these,  24  were  reserved  for  validation  (objective 
number  3).   To  pick  these,  each  of  the  four  uneven-aged  plots  had  their  subplots  divided  into 
low,  medium,  and  high  basal  area  stocking  classes  (one-third  of  the  subplots  in  each),  and  two 
subplots  were  randomly  selected  from  each  class.   This  helps  to  insure  that  the  validation  data 
represent  the  full  range  of  stocking  conditions. 

Also  reserved  for  validation  were  six  even-aged  plots.  These  were  also  randomly  chosen  by 
selecting  one  plot  from  each  of  the  six  basal  area  stocking  classes.  The  result  was  86  uneven- 
aged  and  12  even-aged  plots  for  use  in  developing  the  simulator. 

SIMULATOR  DEVELOPMENT 

The  development  of  a  whole-stand  simulator  that  can  express  number  of  trees  by  diameter 
class  is  the  main  objective  of  this  study.   A  1-inch  diameter  class  size  was  chosen  because  it 
offered  a  good  compromise  between  model  complexity  on  one  hand  and  sensitivity  to  stand  struc- 
ture and  to  managerial  and  silvicultural  information  needs  on  the  other.   The  decision  to 
express  the  stand  as  number  of  trees  instead  of  basal  area  in  each  diameter  class  was  made 
because  many  of  the  simulator's  stand  dynamic  com.ponents  are  best  expressed  in  terms  of 
number  cf  trees. 

The  dynamics  of  stand  development  is  composed  of  three  basic  elements:  growth,  mortality, 
and  recruitment. 

Growth 

The  process  of  growth  takes  place  on  all  portions  of  the  tree:  roots,  crown,  and  stem. 
The  growth  of  most  interest  to  the  manager,  however,  is  stem  or  bole  growth,  which  is  the 
height  and  diameter  growth.   With  the  lack  of  height-growth  information  in  the  data  set,  a 
licight -growth  model  could  not  be  developed.   Instead,  height  equations  were  developed  as  a 
substitute  to  aid  in  the  prediction  of  product  potential.   Lack  of  a  height-growth  model  did 
not  affect  the  processes  used  to  predict  change  in  number  of  trees  by  diameter  class.   Such  a 
change  is  the  difference  between  the  number  of  trees  growing  into  the  diameter  class  and  the 
number  growing  out  of  it.   The  number  of  trees  growing  from  one  diameter  class  to  another, 
sometimes  called  upgrowth,  is  a  function  of  three  components:  diameter  growth,  the  distribu- 
tion of  number  of  trees  within  the  diameter  class,  and  diameter  class  size  (Wahlenberg  1941). 

At  least  two  approaches  exist  to  modeling  this  process.   In  one  approach,  Ek  (1974)  chose 
not  to  treat  these  components  separately,  but  rather,  he  predicted  the  number  of  trees  growing 
into  the  next  larger  diameter  class  directly.   Another  approach  is  to  consider  each  component 
of  the  upgrowth  model  individually.   This  approach  was  used  in  the  study  because  it  allowed  a 
closer  examination  of  the  validity  of  the  individual  component  assumptions  incorporated  into 
the  upgrowth  model. 


DISTRIBUTION  WITHIN  DIAMETER  CLASS  AND  DIAMETER  CLASS  SIZE 

The  distriluit  i-Oii  of  the  trees  within  a  diameter  elass  can  iiit'lueiiee  the  nuinlH>r  ef  trees 
advancing  out  of  the  class,  given  an  average  class  diameter  growth  rate  (Wall  1  enln-rg  I'Jll;  Me_\-er 
1942).   The  easiest  distribution  to  use,  and  the  one  assumed  by  Moser  (l'.»71),  is  the  unil"oi-m 
distribution.   If  tliis  distr  il)ut  ion  is  valid,  then  the  following  nn<tiiod  c;:n  be  used  for  comput- 
ing upgrowtli  (Walilenberg  1941;  Meyer  1942).   Tiie  i|uotlent  found  b\-  dividing  diametcT  growth  b\- 
diameter  class  size  is  computed.   The  integer  portion  of  this  iiuotimt  is  then  the  nuiiil)ei-  ol' 
diameter  classes  in  which  all  trees  will  advance,  and  the  fractional  jiortion  of  the  quotient  is 
the  proportion  of  the  trees  that  will  advance  one  diameter  class  further.   ( I'or  exampU',  if  the 
quotient  was  2.29,    then  all  trees  will  advance  two  diameter  classes,  and  29  percent  of  them 
will  advance  three  diameter  classes.) 

Because  it  is  the  easiest  to  apjily,  I  first  tested  the  aii])ro]n-iateness  of  the  uniform 
distribution  througli  use  of  the  chi-square  "goodness-of -f it "  test  (see  appendix  B  for  details). 
X   total  of  714  diameter  classes  were  tested  at  the  99  percent  level  of  significance,  and  of 
these,  only  seven  were  found  to  be  significantly  different  from  the  uniform  distril)ut i on . 
These  findings  were  further  substantiated  by  visually  checking  the  distributions  of  man}'  of 
these  classes.   Therefore,  the  assumption  of  within-class  uniformity  could  not  be  rejected  in 
the  even-  and  uneven-aged  stands  of  the  Fort  Valley  Experimental  Forest. 

DIAMETER  GROWTH 

The  final  component  necessary  for  the  calculation  of  upgrowth  is  an  estimate  of  the  diam- 
gter  growth  rate  for  each  class.   The  following  summarizes  procedures  used  to  develoj)  tlie 
appropriate  diameter  growth  models.   A  more  complete  discussion  is  in  appendix  C. 

Initial  Review  and  Modeling  Decisions 

A  review  of  the  literature  for  southwestern  ponderosa  pine  helped  identify  factors  histor- 
ically recognized  as  related  to  diameter  growth.   The  significant  factors  identified  included: 
site  index,  rainfall,  total  stand  density,  diameter  class  size,  tree  vigor  as  indicated  by  bark 
zolor  (in  other  words,  "yellow"  pine  and  "lilackjack"  pine),  and  the  structure  of  the  comjiet  i  t  i  t)n 
is  indicated  by  the  position  of  the  diameter  class  in  the  stand. 

Given  the  general  factors  that  can  affect  diameter  growth,  it  was  tlien  necessar)'  to 
zhoose:  the  general  structure  of  the  model,  the  form  of  the  dejiendent  varialile,  the  method  for 
landling  the  error  structure  of  the  model  during  prediction,  and  the  appropriate  transforiua- 
tions  of  the  independent  variables.   After  careful  consideration,  1  decided  to  predict  tlie 
"latural  log  of  diameter  class  basal  area  growth  and  then  convert  that  value  to  a  diameter 
growth  rate.   Three  basic  reasons  for  this  choice  are: 

1.  A  nonlinear,  multiplicative  error  model  form  probably  best  represented  the  interact ioi\ 
3f  the  independent  variables  with  themselves  and  their  effect  upon   diameter  growth. 

2.  Basal  area  growth  is  often  nearly  linear  over  short  time  periods,  which  simplifies 
the  extrapolation  of  growtli  rates  to  growtli  periods  different  from  that  original  1>'  used  in 
;quation  development. 

5.   The  residuals  of  log  of  basal  area  growth  more  often  approach  normal it>-  and  homo- 
geneous variance  than  other  dependent  variables,  which  is  advantageous  in  model  development  and 
significance  testing. 

Several  ways  of  using  information  about  the  error  structure  of  the  model  are  available  wlien 
jsing  the  finished  model  for  predictive  purposes.   In  deterministic  modeling,  the  random  error 
element  of  the  model  is  simply  ignored  for  predictive  purposes.   If  the  model  is  properly 
zonstructed,  predictions  from  a  deterministic  model  rejiresent  the  "expected"  value  of  the 
Dutput .   In  stochastic  modeling,  the  random  error  element  is  considered  in  prediction.   To 
3btain  an  expected  value  of  the  output  from  a  stochastic  model,  however,  i-ecpiires  a  "Monte 
2arlo  analysis,"  which  can  be  time  consuming  and  exjiensive. 


Stage  (1973)  described  an  alternative  method,  which  could  be  termed  a  "Monte  Carlo  swindle 
of  introducing  a  stochastic  element  into  his  individual  tree  log  of  basal  area  growth  equations 
while  maintaining  the  relative  simplicity  of  a  deterministic  model.   Because  it  was  expected 
that  individual  tree  growth  within  a  diameter  class  would  be  quite  variable,  elements  from 
Stage's  (1973)  "Monte  Carlo  swindle"  were  adapted  and  used  in  this  study. 

The  resulting  process  consists  of  dividing  the  number  of  trees  in  each  diameter  class  into 
thirds  (one  each  to  represent  the  fast,  slow,  and  "moderate"  growers),  predicting  the  expected 
residual  for  each  third,  and  adding  or  subtracting  this  to  the  predicted  average  log  of  basal 
area  growth  value  for  tlie  diameter  class.   In  this  fashion,  estimates  of  basal  area  growth  are 
obtained  for  each  third  of  the  diameter  class.   Upgrowth  is  then  calculated  separately  for  each 
third,  whicli  allows  the  trees  in  a  diameter  class  to  move  into  a  wider  range  of  larger  diameter 
classes.   More  realistic  predictions  should  result. 

The  final  decision  before  parameter  estimation  could  begin  was  the  choice  of  appropriate 
transformations  necessary  to  create  those  independent  variables  most  likely  to  be  highly  corre- 
lated to  the  dependent  variable.   Information  used  in  selecting  the  independent  variables 
included  the  silvicultural  literature  on  diameter  growth  factors  for  southwestern  ponderosa 
pine  and  prior  general  "growth  and  yield"  knowledge  reported  in  the  mensurational  literature. 
From  this  work,  43  potentially  useful  independent  variables  were  identified  and  examined  in  the 
next  phase  of  the  diameter  growth  modeling  process. 

Development  of  Equations 

Ordinary,  least  squares  regression  techniques  were  used  to  develop  separate  equations  for 
both  blackjack  and  yellow  pine.   I  initially  separated  these  two  vigor  classes  because  evidence 
from  prior  studies  suggest  significant  growth  differences  between  blackjack  and  yellow  pine. 
The  analysis  process  to  determine  the  form  and  parameters  of  the  finished  models  required  six 
phases : 

Phase  1.       An  all -combinations  screening  run  was  made  on  each  individual  plot 
data  set  to  eliminate  those  independent  variables  not  highly  corre- 
lated to  the  dependent  variable. 

Phase  2.       The  separate  plot  data  were  then  combined  into  three  sets:  virgin, 
uneven-aged  data;  managed,  uneven -aged  data;  and  managed,  even-  and 
uneven-aged  data.   A  second  set  of  all  combination  screening  runs 
was  then  made  for  each  data  set  and  for  yellow  and  blackjack  pine. 
From  these  runs,  a  common  set  of  independent  variables  exhibiting 
behavior  both  reasonable  and  consistent  with  mensurational  and 
silvicultural  expectations  was  selected  for  both  yellow  and  black- 
jack pine.   Because  the  basic  model  forms  and  the  size  of  the 
parameter  estimates  differed  so  greatly  between  yellow  and  black- 
jack pine,  I  decided  that  at  this  phase  of  the  analysis  any 
attempt  to  combine  the  two  vigor  classes  through  use  of  dummy 
variables  would  be  futile.   Therefore,  separate  equations  were 
maintained  throughout  the  rest  of  the  analysis. 

Phase  3.       The  combined  data  sets  were  further  collapsed  into  two  sets:  uneven- 
aged  and  even-  and  uneven-aged.   The  reason  for  maintaining  separate 
sets  was  to  allow  comparison  of  the  effect  upon  predictive  capability 
of  adding  the  even-aged  data  to  the  uneven-aged.   To  do  this  merging, 
the  differences  between  the  model  coefficients  for  the  managed  and 
the  virgin  data  sets  were  handled  as  functions  of  time-since-last- 
cutting.   Sigmoidal  transformations  of  time-since-last-cutting 
were  used  because  the  effect  of  cutting  was  expected  to  asymptotically 
approach  the  virgin  growth  rate  as  time-since-last-cutting  increased. 
Combining  these  new  variables  with  those  already  selected,  another 
set  of  screening  runs  was  made  from  which  the  most  promising  equations 
were  selected  and  the  regression  coefficients  determined.   Examination 
of  these  coefficients  showed  the  signs  on  several  of  the  transform- 
ations were  not  reasonable  (including  the  site  index  transformations), 
and  that  a  high  degree  of-mult icollinearity  existed. 


Phase  4.       Ridge  regression  was  then  used  as  a  means  of   rethieing  the  problems 

of  multicollinearity.   I  lioped  the  minimization  of  mul  t  i  eo  1  1  i  near  i  t  \- 
might  reverse  the  problem  with  sign  on  the  site  iinlex  transform,  but 
the  resulting  analysis  did  not  help.   Beeausc  of  tiie  desire  to  have 
a  model  applicable  over  the  range  site  indices  natural  ]>■  found  in 
the  habitat  type,  I  decided  to  force  a  reasonable  value  of  the  site 
transform  upon  the  model.   This  was  done  by  defining  a  new  dependent 
variable--the  natural  log  of  tlit  quotient  basal  area  growth  divided 
by  site  index.   By  using  this  dejiendent  variable,  I  assumed,  therefore, 
that  basal  area  growth  would  increase  in  a  direct  proportion  to  an 
increase  in  site  index. 

Pliase  5.       A  final  set  of  screening  runs  was  then  made  witii  the  new  dependent 
variable  using  the  same  methods  described  in  the  third  jihase  of  the 
analysis.   From  these  screening  runs,  I  selected  promising  models 
and  made  additional  runs  to  determine  their  regression  coefficients. 

Phase  b.  Ridge  regression  was  then  used  to  selectively  remove  several  of  the 

time-since-last-cutting  indejiendent  variables  in  order  to  minimize 
multicollinearity.   Parameters  to  the  final  models  were  then  deter- 
mined by  ordinary,  least  squares  regression. 

Log  of  Basal  Area  Growth  Equations 

The  finished  log  of  basal  area  growth  ecjuations  is  in  table  2.   The  two  blackjack  pine 
equations  differ  because  of  the  presence  or  absence  of  the  even-aged  data  when  the\-  were 
developed.  The  number  of  observations,  the  relative  mean  square  residual  (RMSQRJ , ^  and  the 
coefficient  of  determination  (R^  )  of  each  equation  are  found  in  table  3. 

Table  2. --Log  of  basal    area    growth  equations 


Blackjack  pine  using  all  data: 

i/i(Basal  Area  Growth)   =  -S.51S:^b897  +  1 .  16754330(Jn(DJ )  -  4.009701450-02(0) 

-  5.84298771E-05(LBA2)  -  7  .  15485662E-03  (MBAo)  -  1  .  582542(>9E-()2  (UBAo) 

-  3.26097275E-01(Aiin(D))    +    8  .  8067ti715E-01  (A3  )    +    1.0(ln(S).) 

Blackjack  pine  using  uneven-aged  data: 

Jn(Basal  Area  Growth)  =  -8,45357088  +  1  .  18165715  (in  (DJ  )  -  4  .  770(:,8()27E-02  (D) 

-  1 .25420926E-03(LBA2)  -  7 . 693001 13E-03 (MBA2)  -  1 . 74056839E-02 (UBA. ) 

-  5.13247572E-01(AiJn(D))  +  9. 10604169E-01 (A3)  +  1.0(in(S)) 

Yellow  pine: 

in(Basal  Area  Growth)  =  -15.2464932  +  4 . 27656656(in(D) )  -  1 . 85161626E-01 (D) 

-  7.273bl567E-05(LBA2)-  -  9  . 1 1 165626E-04  (MBA2  J ''  -  2  .  4  1462  l()6E-04  (IIBA2)  ^ 

-  1  .05776062(Ai)  +  l?()(ln(S)) 


where 


D  =  diameter  class  size 
S  =  Minor's  (1964)  site  index 
MBA2  =  basal  area  in  the  given  diameter  class  plus  the  two  adjoining 

larger  and  smaller  diameter  classes 
LBA2  =  total  basal  area  below  the  smallest  diameter  class  in  MBAo 
UBA2  =  total  basal  area  above  the  largest  diameter  class  in  MBA2 
Aj  =  -0.244178  +  1.244178*EXP(-(1. 176471  -  0. 019607*TTME) ^) 
A3  =  -0.000203  +  1.000205*EXP(-(1  .428571  -  0 .  023809*TIMi:)  ^^) 
TIME  =  number  of  5-year  growth  periods  since  last  cutting 


^Relative  mean  square  residual  is  the  mean  sepiare  residual  for  the  model  divided  b\-  the 
corrected  variance  of  the  dependent  variable.   See  aji]iendix  C  for  more  detail. 


Table  3. --Statistics   for  log  of  basal   area   growth   equations 


Equation 

type 


Number  of 
observations 


RMSQR 


Modified 
RMSQR 


Modified 
R2 


Blackjack  pine 
with  even-aged 
data 

Blackjack  pine 
without  even-aged 
data 

Yellow  pine 


33,155 


27,268 


4.558 


0.8001 

.8223 
.9334 


0.2000 

.1779 
.0678 


0.5155 

.5425 
.8847 


0.4839 

.4576 
.1165 


Because  of  the  presence  of  within  diameter  class  variation,  the  statistics  quantifying  the 
fit  of  the  equations  are  unduly  pessimistic.   The  equations  explain  between  class  variation 
and,  therefore,  the  statistics  were  modified  by  eliminating  the  within  diameter  class  variation 
component  to  better  reflect  the  true  fit  of  the  equations.   These  "modified"  statistics  are 
also  found  in  table  3. 

The  results  show  that  the  blackjack  pine  equations  developed  with  the  even-  and  uneven- 
aged  data  explained  over  48  percent  of  the  between  diameter  class  variation,  the  other  black- 
jack pine  equation  explained  over  45  percent,  and  the  yellow  pine  equation  explained  only 
about  12  percent.   For  the  blackjack  pine,  however,  the  equations  do  better  at  predicting 
managed  growth  than  virgin  growth.   1  obtained  the  statistics  in  table  4  by  computing  the 
residuals  of  each  indicated  data  set  around  the  final  models.   These  statistics  show  that  the 
blackjack  pine  equation  developed  with  the  even-  and  uneven-aged  data,  explained  only  about  19 
percent  of  the  virgin  uneven-aged  variation,  but  it  explained  over  63  percent  and  almost  78 
percent  of  the  variation  for  the  managed  uneven-  and  even-aged  data  sets,  respectively.   The 
other  blackjack  pine  equations  explained  a  little  over  19  percent  of  the  virgin  and  almost  64 
percent  of  the  managed  uneven-aged  variation.   Because  the  managed  stand  is  of  primary  concern, 
these  results  are  important. 


Table  ^ . --Modified   coefficients   of  determination   for   various   data   sets   by   equation    type 


Equation 
type 


Virgin 

uneven-aged 

data 


Modified  R^ 


Managed 

uneven-aged 

data 


Managed 

even-aged 

data 


Blackjack  pine 

witli  even-aged  data 

Blackjack  pine 

without  even-aged  data 

Yellow  pine 


0.1941 

.1922 
.0440 


0.6334 

.6364 
.0873 


0.7780 


The  poor  results  for  yellow  pine  were  not  totally  unexpected.   These  trees  are  ineniiature 
and  frequently  afflicted  by  various  daiiiat;  inj-;  agents  that  influence  gi-outh  rates.   In  addition, 
the  relatively  small  number  of  yellow  pine  in  tiie  stanel  often  mc\int  that  between  diameter- 
class  differences  are  actually  between  individual  tree  di  f  fei-encis .   Two  mi  t  i  i^it  i  nc  factors, 
however,  argued  for  retaining  tiie  equation.   1-irst,  the  model  Indiaves  as  e.xpectid  and  iloc-s 
predict  somewhat  better  than  the  mean.   Second,  the  accurate  prediction  of  yellow  pine  is  not 
very  important  in  managed  stands  because,  under  management,  tin 
would  not  be  a  favored  condition. 


le  pi'esencc  o  t"  ncMow  pine  usua  1  1  \' 


Check  for  Normality  and  Homogeneous  Variance 


A  check  of  the  final  equations  revealed  that  the  residuals  were  highl\'  skewed  and  lojUo- 
kurtic,  which  was  the  same  result  as  first  found  for  the  individual  plot  e((uations  (ap|)L'ntlix 
C)  .   Homogeneity  of  variance  was  checked  by  dividing  the  range  of  predicted  log  of  basal  ai-ea 
growth  into  intervals,  computing  a  variance  for  each  interval,  and  tiien  comjiaring  tlie  variances 
across  intervals  for  trends.   Bartlett's  chi-S(|uare  test  for  homogeneity  of  variances  (Snedect)r 
and  Cochran  1967)  was  not  used  because  the  test  is  higlily  sensitive  to  nonnorma  1  i  t  >• .   The 
visual  checks  for  homogeneity  indicated  no  consistent  trends,  and  so  weighting  was  jutlged 
unnecessary. 

Log  Bias 

Tl'ie  usage  of  the  log  model  to  predict  basal  area  growth  introduces  a  problem  because  the 
value  of  interest  for  predictive  purposes  is  basal  area  growth  and  not  the  log  of  basal  area 

growth.   The  problem  arises  because  EXr[in(Yl]  is  not  a  "mean-unbiased"  estimator  of  Y;  i.e.: 

EXP[E[i/i(Y:)]]  +    E[Y] 

Rather,  EXP[in(Yj]  is  a  "median-unbiased"  estimator  of  Y  (Bradu  and  Mundlak  1970). 

Because  the  residuals  are  not  normally  distributed,  the  log  bias  correction  factors 
proposed  by  Bradu  and  Mundlak  (1970),  Oldham  (1965),  and  BaskerviUe  (1972)  could  not  be 
used.   Therefore,  I  proposed  an  alternative  log  bias  correction  factor  that  was  added  to  the 
intercept  term  of  the  log  of  basal  area  growth  model  and  was  computed  as  the  difference  between 
the  log  of  mean  basal  area  growth  minus  the  mean  log  of  basal  area  growth  (see  ajipendix  D) . 


Models  of  Mean  Residuals 

Because  the  residuals  are  not  normally  distributed,  the  mean  deviation  of 
moderate,  and  slow  growers  had  to  be  computed  empirically.  I  hypothesized  tha 
residuals  would  increase  as  the  time-since-last-cutting  increased  because  cutt 
properly  applied,  homogenize  the  stand  by  eliminating  rough,  cull,  suppressed, 
trees.  The  residuals  were,  therefore,  divided  into  time-since- last -cutt ing  cl 
each  class  the  means  of  the  upper,  middle,  and  lower  one-third  residuals  were 
expected,  the  means  had  a  tendency  to  increase  as  time-since-last -cutt ing  incr 
the  time-since-last-cutting  transforms  (Aj ,  A2 ,  and  A3)  were  used  to  develop  m 
predict  mean  residuals  for  the  upper  and  middle  thirds  as  a  function  of  time-s 
The  lower  one-third  mean  model  was  then  expressed  as  the  negative  of  the  sum  o 
models.  This  assumed  that,  for  every  value  of  time-since- last -cutt i ng ,  the  me 
will  sum  to  zero.   The  final  residual  models  are  in  table  5. 
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Table  S . --Models   for   the  mean   of  upper,    middle,    and   lower  one-third  of  residuals   about    the 

indicated  log  of  basal    area   growth  model 


Blackjack  pine  with  all  data: 

Upper  Mean  =  +0.56557130  +  0.12995917A2 

Middle  Mean  =  +0.09120012  +  0.12946423A2 

Lower  Mean  =  -0.65677142  -  0.25924340A2 

Blackjack  pine  with  uneven-aged  data: 

Upper  Mean  =  +0.61870031  +  O.O8II8I38A3 

Middle  Mean  =  +0.13230685  +  0.08389430A3 

Lower  Mean  =  -0.75100716  -  0.16507568A3 

Yellow  pine: 

Upper  Mean  =  +0.70338067  +  0.7280557A3 
Middle  Mean  =  +0.24266226  +  0.59168455A3 
Lower  Mean  =  -0.94604293  -  1.31974025A3 

where 

Ai  =  -0.244178  +  1.244178*EXP(-(1. 176471  -  0. 019607*TIME) 3) 
A2  =  -0.095336  +  1.095336*EXP(-(1. 250000  -  0. 020833*TIME)  "*) 
A3  =  -0.000203  +  1.000203*EXPC-(1. 428571  -  0. 023809*TIME) ^) 

Prediction  of  Basal  Area  Growth  and  Diameter  Growth 

Basal  area  growth  of  the  one-third  fastest  (BAG^),  moderate  (BAG2) ,  and  slowest  (BAG3) 
growing  trees  is  predicted  by: 

BAG.  =  EXP[R.  +  K  +  in(BAG)],  i  =  1,  2,  or  3 

wliere : 

BAG.  =   predicted  basal  area  growth  for  the  ith  third  of  the  residuals 

R.   =  predicted  mean  log  of  basal  area  growth  residual  for  the  ith 
third  of  the  residuals 

K   =  log  bias  correction  factor 

2n(BAG)  =  final,  average  log  of  basal  growth  model 

Diameter  growth  of  each  third  can  then  be  computed  by  the  relationship 


DG.  =  J^^  (DBA  +  BAG.)  -  J^ 

1  If  IT    ^  1^  t   TT 


^Sba 


where: 

DG .  =  predicted  diameter  growth  for  the  ith  third  of  the  residuals 

D  =  diameter  class  size 

DBA  =  average  basal  area  of  the  diameter  class 

=  TTT   (D^  +  O.ID  +  0.085) 

"'  10 


The    equation    for    the   average    basal    area    of   a    ilianieter   class    assumes    lliat     the    trees    in    a 
diameter   class   are   uniformly   distributed   over   the    1/10-inch    subclasses   of   the   class.      As 
previousl)-    shown,    this    assuni]ition    could   not    lie    disproven   and    therefore   would    appear    correct. 

An  Initial  Evaluation  of  the  Log  of  Basal  Area  Growth  Equations 

An  unanswered  question  is  wliether  basal  area  growth  for  even-  and  uneven-aged  stands  is 
logically  interrelated.   As  mentioned  previously,  the  ju-oblems  w'th  tlie  data  used  in  tliis 
study  and  the  lack  of  normality  make  a  statistical  answer  to  tliis  ciuestion  intractable.   I 
tliought  ,  however,  that  an  initial  comiKirison  between  tlie  two  black  iacJN  pine  equations  could 
be  made  in  such  a  fashion  as  to  shed  light  on  the  performance  of  eacli  model.   A  second  compari- 
son and  a  selection  of  a  final  blackjack  pine  model  were  reserved  until  validation. 

To  make  this  initial  com]iarison,  the  data  used  to  develop  the  equations  were  divided  into 
four  sets:  virgin  uneven-aged  data,  managed  uneven-aged  data,  managed  even-  and  uneven-aged 
data,  and  managed  even-aged  data.   The  residuals  about  each  final  log  of  basal  area  growth 
equation  were  tlien  computed  separately  for  each  of  the  data  sets  originally  used  to  develop 
the  particular  equation.   From  this  information,  a  mean  squared  error  (MSEJ ,  average  residual, 
and  percent  average  residual  (expressed  as  percent  of  the  mean  log  of  basal  area  growth)  were 
computed  for  each  data  set.   The  results  are  in  tables  6  througli  9. 

Table  6 . --Comparison  of  actual    log  of  basal    area   growth  data    from  virgin,    uneven-aged  plots 
to  log  of  basal    area   growth  predicted  by   various  equations   developed   using  data 
from  those  plots   indicated 

Plots  used        Number  of      Mean  si(uarcd      Average      Percent 
Vigor  class       in  eciuation     observations         error         residual     a\'erage 
development  residual 
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Uneven  - 
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5  , 

,762 

Yellow  pine 

Virgin , 
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•"v 

,762 

1.572575 
1 .573900 

1  .554(.44 
6.510(i4  5 

6.27324.3 


-i^n. (1(10013  -0.()()()4(.2 

+    .000028  -    .()0(l'.)94 

+  i)  0 

+     .0()()26l  -     .0(1(1076 


-i-O 
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Table    7 . - -Comparison   of  actual    log  of  basal    area    growth   data    from  managed,    uneven-aqed   plots 

to   log  of   basal    area    growth   predicted   by    various   equations   developed    using   data    from 
those   plots   indicated 


Vigor  class 


Plots  used 
in  equation 
development 


.Number  of 
obscrvat  ions 


Mean   stiuared 
error 


Average 
res  idual 


Percent 
average 
res  i  tiua  1 


Blackjack 
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ine 
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19^ 

,069 

Blackjack 
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ine 
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19; 

,  069 

Blackjack 

P 

ine 

Managed, 

uneven-aged 

19: 

,009 

Yellow  pine 

Uneven -aged 

794 

Yellow  pine 

Managed, 

uneven-aged 

794 

0.94  0228 
.938867 

.935147 
1 .840926 

1 .800258 


-0. 007303 

-  .00()()12 

0 

-  .001237 


■f  0.25-221 
■•■  .0004  25 

0 
+    .0580()-l 
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Table  8 . --Comparison   of  actual    log  of  basal   area   growth  data   from  managed,    even-aged  plots    to 
log  of  basal    area    growth  predicted  by   various   equations   developed   using  data    from 
those  plots   indicated 


Plots  used  Number  of  Mean  squared  Average      Percent 

Vigor  class       in  equation  observations  error  residual     average 
development                                               residual 

Blackjack  pine      All  5,886  0.224909  +0.023643  -0.814989 

Blackjack  pine      Managed, 

even-aged  5,886  .187551        0            0 


Table  9 . --Comparison   of  actual    log  of  basal    area  growth   data   from  managed,    even-   and   uneven- 
aged  plots    to   log  of  basal   area   growth  predicted  by    various  equations   developed 
using  data   from  those  plots   indicated 

Plots  used        Number  of  Mean  squared  Avercge  Percent 

Vigor  class       in  equation     observations  error  residual  average 

development  residual 

Blackjack  pine      All               24,956  0.771355  -0.000004  +0.000140 

Blackjack  pine      All 

managed           24,956  .767860  0  0 


Also  in  those  tables  are  the  MSE's,  average  residuals,  and  percent  average  residuals  for 
selected  equations  developed  in  phases  2  and  3  of  the  analysis  using  just  the  data  from  the 
given  set.   The  equations  chosen  for  comparison  were  those  minimizing  RMSQR  for  each  data  set. 
In  choosing  these  equations,  no  concern  was  given  to  whether  they  were  reasonable  in  behavior, 
and  most  of  them  were  not.   These  equations  do,  however,  represent  the  best  that  could  be  done 
for  the  given  data  set  and,  therefore,  provide  a  benchmark  for  how  good  the  final  equations 
are  at  predicting  growth. 

For  blackjack  pine,  the  results  for  the  virgin  uneven-aged  data  (table  6)  indicate  that 
the  two  equations  are  quite  similar  at  predicting  growth.   For  the  managed,  uneven-aged  data 
(table  7),  the  equation  developed  with  the  even-aged  data  shows  a  larger  (but  still  small) 
average  residual,  but  the  MSE's  are  almost  the  same.   This  positive  percent  residual  is  offset 
by  a  negative  percent  residual  for  the  even-aged  data  (table  8).   IVhen  the  managed  even-  and 
uneven-aged  data  are  put  together  (table  9),  the  average  residual  becomes  insignificant.   The 
conclusion,  therefore,  is  that  the  two  blackjack  equations  give  about  the  same  results  as  far 
as  MSE's  and  average  residuals  are  concerned. 

For  yellow  pine,  the  results  indicate  not  much  predictive  capability  was  lost  when  the 
two  data  sets  (virgin  and  managed  uneven-aged  data  sets)  were  combined. 

Mortality 

Mortality  is  often  separated  into  a  catastrophic  (irregular)  or  a  noncatastrophic  (regular) 
form  (Lee  1971;  Stage  1973;  Monserud  1976).   As  its  name  implies,  catastrophic  mortality  is 
the  result  of  usually  unpredictable,  massive  disturbances  such  as  fire,  hurricanes,  tornadoes, 
and  insect  or  disease  epidemics.   Noncatastrophic  mortality  accompanies  normal  stand  develop- 
ment.  The  models  developed  in  this  simulator  predict  only  noncatastrophic  mortality. 
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The  following  is  a  sununary  of  the  procedures  used  to  obtain  these  models.   Additional 
information  is  in  appendix  E. 

Prior  si  1  vicultural  and  mensurat  lona  1  research  in  sout  liux'st  ei'n  ponderosa  pine  showed  tiiat 
noncatastrophic  mortalit}'  in  uneven-aged  stands  is  often  correlated  to  iliainetei-  size,  severity 
of  cutting,  and  tree  vigor  as  indicated  by  bark  color  (in  other  words,  whethei-  the  tree  is  a 
blackjack  or  yellow  pine).   For  even-aged  stands,  site  and  total  staml  basal  area  are  signifi- 
cant in  predicting  total  stand  mortalit}'. 

1  selected  a  nonlinear  logistic  function  for  modeling  the  proportion  of  trees  in  a  dia- 
meter class  succumbing  to  mortalit)-.   One  reason  for  tliis  is  that  the  dependent  variabk'  of 
the  logistic  can  be  projierly  limited  to  a  value  between  zero  and  one.   Second,  cliaract  cr  i  z  i  ng 
a  dichotomous  dependent  variable  such  as  mortality  with  the  logistic  function  appears  to 
produce  a  model  with  improved  statistical  properties  when  compared  tt)  ordinary,  linear  least 
squares  models  (Hamilton  1974;  Hamilton  and  lidwards  IDlb)  . 

To  model  the  proportion  of  the  trees  in  a  diameter  class  dying  in  a  growth  period,  the 
dependent  variable  was  set  to  zero  if  tlie  tree  survived  to  the  end  of  the  growth  period,  and  it 
was  set  to  one  if  the  tree  died.   The  indejK'ndent  variables  used  were  transformations  of 
diameter  class  or  stand  attributes  and  incorjiorated  not  onl\'  tlie  prior  factors  found  tt)  lu- 
correlated  to  mortality,  but  also  factors  h>-pothesized  to  be  correlated.   Included  in  this 
group  were  timc-since-last-cutting  and  basal  area  growth  jiredicted  from  the  three  completed 
models.   Appropriate  transformations  were  formed  based  upon  both  prior  s i 1 v i cul turn  1  and 
mensurat  ional  research  findings.,  and  an  examination  of  the  particular  behavior  of  the  logistic 
function . 

The  development  of  finished  mortality  models  required  the  use  of  nonlinear  regression  and 
proceeded  in  three  phases: 

Pliase  1 . --For  each  vigor  class,  the  data  were  separated  into  three  sets:  virgin  uneven- 
aged,  managed  uneven-aged,  and  managed  even-aged.   Preliminary  nonlinear  regression  runs, 
using  the  logistic  function,  were  made  to  select  those  variables  most  highl\'  correlated  to 
mortality.   The  two  best  variables  proved  to  be  diameter  class  size  scpiared  and  predicted 
basal  area  grow'th. 

Phase  2 . --The  separated  data  sets  were  collapsed  into  two  sets  (uneven-aged,  and  eveii- 
and  uneven-aged)  by  modeling  the  change  in  model  parameters  between  tlie  separated  data  sets  as 
functions  of  time-since-last-cutting.   An  examination  of  a  chi -square  "goodness-of -f i t "  test 
for  the  best  models  indicated  that  the  uneven-aged  yellow  pine  ecjuation  (table  1(1)  and  the 
uneven-aged  blackjack  pine  equations  (tables  11  and  12)  were  satisfactory.   The  etjuations  for 
even-  and  uneven-aged  blackjack  pine  were  not  satisfactory. 

Phase  3. --To  resolve  tlie  problems  with  the  even-  and  uneven-aged  blackjack  pine  data  set, 
another  set  of  nonlinear  regression  runs  was  made.   While  these  models  were  an  improvement 
over  the  previous  models,  the  chi-square  values  still  indicated  a  significant  difference 
between  predicted  and  actual  mortality  (tables  15  and  14).   An  examination  of  the  causes  for 
mortality  revealed  that  the  even-aged  data  had  incurred  considerable  snowbreak  loss.   Because 
1  could  not  decide  whether  snowbreak  sliould  be  treated  as  a  catastropliic  or  noncatastrophic 
loss,  these  models  were  retained  until  the  validation  ])hase  of  the  stud}'  could  more  closely 
examine  the  predictive  capabilities  of  the  etpiations. 


Table  10 . --Chi-square    test   across   diameter  classes   for  best   mortality   equation   for   yellow  pine 


Diameter 

Number  of 

trees 

Actual 

Predicted 

Chi-square 

cl 

ass 

in  cl 

ass 

mortality 

mortality 

value 

4  - 

11 

83 

2 

1.97 

0.0 

12  - 

13 

129 

3 

2.71 

0 

14  - 

15 

145 

3 

2.79 

0 

16  - 

17 

229 

5 

4.17 

.2 

18  - 

19 

325 

5 

5.42 

0 

20  - 

21 

469 

4 

7.32 

1.5 

22  - 

23 

585 

6 

8.93 

1.0 

24  - 

25 

630 

15 

9.56 

3.1 

26  - 

27 

557 

4 

8.68 

2.5 

28  - 

29 

533 

13 

9.14 

1.6 

30  - 

31 

370 

6 

6.83 

.1 

32  - 

33 

260 

10 

5.73 

3.2 

34  - 

35 

154 

3 

3.84 

.2 

36  - 

37 

105 

2 

3.03 

.4 

38  - 

39 

47 

2 

1.59 

.1 

40+ 

30 

0 

1.25 
Chi-square  statistic 

1.3 
=  15.1 

Table  II . --Chi-square   test   across   diameter  classes   for  best   mortality   equation   for   uneven-aged 
blackjack  pine   using  basal    area   growth   equation   for  even-   and   uneven-aged  blackjack  pine 
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11 
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3 
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18 
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2 
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17 
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8 

2 
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8 

8.81 

.1 

9 

1 
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7 
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1 
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11 

1 
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6 

4.50 

.5 

12 
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4.01 
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.5 

14 
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1 
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1.5 

15 
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17 
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3.17 

.4 

18 
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0 

2.33 
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4.83 
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1.95 
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\2  . --Chj -square    test    across    diameter    c-Jasse::    tor    her.t    irnrtulitii    equ.^tion    !'• 
blackjack    pine    usinq    basal    area    qrowth    equation    /"n;  iine\'i-n-aqrd    ljlai:k 
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Table  13.- 


Diameter 
class 


-Chi-square    test    across    diameter   classes    for   best    mortal  it'j   equation    for    '  von-    and 
uneven-aged   blackjack   pine    using  basal    area    growth   equations    for    even-    and    une'Ven- 
aged  blackjack  pine 


4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20  -  21 

22    -    23 
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5,7  90 

5,655 

1  ,(,81 

3,54  9 

2,540 

1,7  92 

1,261 

1  ,011 

893 
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mortal i t  v 
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4  7 
28 

8 
7 
6 
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Predicted 
mortal  i  t  \' 

85 

78 

70 

05 

4  4 

95 

2(> 

04 

14 

34 

8 

56 

4 

(,8 
2?> 

.S 

54 

Ch  i  -  si|ii,ire 
va  liu' 


2.61 
2.6  3 

2.38 
1  .96 
1  .  07 
3.0(, 
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("hi  -square    st  ;it  i  si  ii 


Table  14 .--Chi-sguare    test   across   diameter   classes   for  best   mortality   equation   for  even-   and 

uneven-aged  blackjack   pine   using  basal    area   growth   equations   for   uneven-aged  black- 
jack pine   only 


Diameter 
class 

Number 
in 

jf  trees 
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Actual 
mortality 

Predicted 
mortality 

Chi -square 
value 

4 

5 

,790 
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83.56 
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5 

5 

,635 

47 
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8.0 

6 

4 

,681 

28 

44.83 
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7 

5 

,549 

22 
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.5 

8 

2 

,540 

8 
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2.5 

9 

1 

,792 

7 
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.2 

10 

1 

,261 

6 

5.71 

0 

11 

1 

,011 

6 

4.30 

.7 

12 

893 

3 

3.62 

.1 

13 
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2 

2.82 

.2 

14 
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1 

2.61 

1.0 

15 
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6 
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4.0 

16 
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4 
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.6 

17 
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2 
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.2 

18 
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1 
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.9 

19 
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0 

2.05 

2.1 

20  - 

21 
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6 

4.15 

.8 

22  - 

23 
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9 

3.03 

11.8 

24  - 

25 
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1 

2.04 

.5 
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0 

2.34 

2.3 

Chi-square  statistic  =  64.3 


The  finished  mortality  equations  are  in  table  15.   Graphs  for  some  of  these  equations,  usinj 
representative  values  of  the  independent  variables,  are  in  figures  1,  2,  and  3.   Due  to  the 
similarity  of  the  two  basal  area  growth  equations  for  blackjack  pine,  only  one  of  the  two 
mortality  equations  for  uneven-aged  blackjack  pine  and  for  even-  and  uneven-aged  blackjack 
pine  were  plotted.   In  all  of  the  equations,  the  mortality  rate  increases  as  D  and  MBA2 
increases  and  as  BAG  and  TIME  decreases.   Caution  should  be  taken  when  interpreting  these 
graphs.   Because  of  the  interrelationships  among  D,  BAG,  and  MBA2,  the  actual  mortality  rate  in 
a  stand  would  not  be  represented  by  any  single  curve  shown. 

Conversion  from  Blackjack  Pine  to  Yellow  Pine 

The  classification  of  ponderosa  pine  as  either  blackjack  pine  or  yellow  pine  is  based  on 
bark  color.   Young,  vigorous  growing  trees  have  dark-colored  bark  while  the  mature  or  over- 
mature, slow  growing  trees  develop  a  yellow-colored  bark  (Harlow  and  Harrar  1958).   As  this 
study  has  shown,  the  trees  in  these  two  "vigor"  classes  display  different  growth  and  mortality 
rates  and,  as  a  result,  an  improvement  in  modeling  growth  and  mortality  can  be  expected  if  the 
two  vigor  classes  are  treated  separately.   By  treating  them  separately,  however,  it  then 
becomes  necessary  to  develop  a  model  predicting  the  conversion  from  blackjack  pine  to  yellow 
pine . 

16 


Table    IS . --Finished  wortjlitq   cquat 


-  1 


PM   =    (1.0   +   e"'^) 

wlicre 

PM  =  proportion  of  trees  in  a  diameter  elass  dying  in  the  next  S-year  period 

For  uneven -aged  yellow  pine: 

X  =  -5.612474  -  1  .7b5910*YPBAG  -  9 .  2S1652*Ai  *YPBA(;  +  S .  5973()31--()4  *d2 

For  uneven-aged  blaekjack  pine: 

X  =  -5.572b49  +  1  .  27()8b2E-03*D-  -  9.  5994 18*Ai  *B.JBAG1        or 
X  =  -5.572991  +  1.271525E-05*d2  -  9. 588071 *Ai *BJBAG2 

For  even-  and  uneven-aged  blackjack  pine: 

_  0 

X  =  -4.670214  -  18.54557*BJBAG1  -  7 . 948857E-05*TIME  +  1 . 870S1S* (TIME) 
+  1.570751E-02*MBA2  +  4 . 582S86E-05*D-  or 

X  =  -4.725950  -  17 . 46754*BJBAG2  -  7 . 256918E-05*TIME  +  1 . 885188* (TIMEJ 
+  1.425927E-02*MBA2  +  4 . lb8b57E-05*D2 

D  =  diameter  class  size 

YPBAG  =  predicted  yellow  pine  basal  area  growth 

BJBAGl  =  predicted  even-  and  uneven-aged  blackjack  pine  basal  area  growtli 

BJBAG2  =  predicted  uneven-aged  blackjack  pine  basal  area  growth 

TIME  =  number  of  5-year  periods  since  last  cutting 

Aj  ,  A2 ,  A3  =  sigmoidal  transforms  of  TIME.   See  table  5  for  et|uations. 

MBA2  =  basal  area  per  acre  in  the  given  diameter  class  plus  the  two  adjoining  larger 
and  smaller  diameter  classes 
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Figure  1 . --Predicted  5-year  mortality  rate  for  yellow  pine 
diameter  class  size  and  basal  area  growth  (YPBAG) . 
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Figure   2 . --Predicted   5-year  mortality   rate    for   uiieven-ai^ed 
blackjack   jiine   by   diameter   class    siie   and   uneven-ai^ed   basal 
area   growth    (BJBAtlJj  . 
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Figure  3 . --Predicted  5-year  mortality  rate  for  even-  and  uneven-aged  blackjack  pine  by  diameter 
size  class,  MBA2  class,  and  even-  and  uneven-aged  blackjack  pine  basal  area  growth  (BJBAGl). 

During  data  collection,  all  trees  were  initially  categorized  by  vigor  class,  and  then 
those  trees  not  cut  on  a  plot  were  reclassified  every  20  years  (that  is,  at  the  start  of 
every  fifth  growth  period) .   An  examination  of  the  data  available  for  modeling  conversion 
indicated  the  following  problems: 

1.  While  growth,  mortality,  and  ingrowth  could  be  predicted  every  growth  period,  conver- 
sion from  blackjack  to  yellow  pine  could  only  be  predicted  after  every  fourth  growth  period. 
This  might  cause  the  number  of  trees  in  each  vigor  class  to  change  abruptly  after  every  fourth 
growth  period. 

2.  Cutting  of  blackjack  trees  between  the  reclassification  times  negates  the  utility  of 
the  plot  for  predicting  conversion  because  of  the  uncertainty  of  whether  those  trees  cut  would 
have  converted  or  not.   The  plot  and  classification  period  combination  without  cutting  are  the 
first  classification  period  of  plot  62  and  both  periods  of  plot  61. 

3.  The  conversion  from  a  blackjack  pine  to  a  yellow  pine  is  a  slow  but  continual  process, 
and  therefore,  the  discrete  classification  of  a  tree  as  either  blackjack  or  yellow  pine  is 
extremely  subjective.   This  subjectivity  can  become  a  problem  on  long-term  studies  because  the 
classification  of  vigor  classes  is  done  by  different  people  with  individualized  critera  for 
classification.   An  examination  of  the  conversion  rates  for  the  first  20  years  on  plots  61  and 
62,  compared  to  the  conversion  rate  on  plot  61  in  the  second  20  years,  shows  that  the  rates 
differ  considerably  between  the  two  classification  periods.   While  it  cannot  be  proved,  it  is 
likely  this  difference  is  due  in  part  to  the  different  individuals  performing  the  classifica- 
tions. 

Based  on  these  problems,  I  decided  to  use  only  the  data  from  plot  61  (both  classification 
periods)  to  develop  the  conversion  rate  model.   The  data  for  the  first  classification  period 
on  plot  62  were  eliminated  since  including  that  data  would  unduly  weight  the  resulting  model 
towards  the  low  conversion  rate  of  the  first  classification  period.   By  using  just  the  data 
from  plot  61,  an  approximately  equal  weight  is  given  to  both  periods. 
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Tlie  usage  of  data  from  the  second  classification  period  on  plot  (>!  does  pose  an  addi- 
tional problem.   (Hiring  the  second  classification  period,  onl\-  trees  T.f.  inches  and  largei- 
were  measured.   All  stand  density  variables,  therefore,  must  be  expi-essetl  in  trees  7.()  inches 
and  larger.   In  addition,  the  usage  of  predicted  basal  area  g»-owtli  is  prechnk'd  because  ol"  the 
equation's  dependency  upon  knowing  stand  basal  area  of  all  trees  ?>.h    inches  and  lai-j'.er. 

The  following  is  a  suimiiary  of  the  process  used  to  develop  Jie  final  conversion  model. 
Furtlier  details  are  in  appendix  F. 

I  anticijKitcd  tlie  factors  influencing  the  conversion  rate  would  be  tlie  same  as  those  tliat 
might  influence  tree  vigor,  as  expressed  by  growth.   Previously  it  was  shown  these  factors 
include  measures  of  productivity,  diameter  class  size,  and  stand  density.   Keeping  in  mind 
both  these  factors  and  the  restriction  that  only  stand  attributes  for  trees  7.()  inches  and 
larger  could  be  used,  a  number  of  variables  were  defined  for  use  as  independent  variables. 

As  with  mortality,  1  decided  to  exjiress  the  rate  as  a  pro])ortion  of  the  trees  in  a  tliameter 
class  converting  from  blackjack  to  yellow  pine  and  to  model  this  rate  using  tiie  nonlinear 
logistic  function.   Therefore,  I  assigned  the  dependent  variable  a  value  of  one  if  the  black- 
jack tree  converted  to  )'ellow  pine,  and  a  value  of  zero  if  it  did  not. 

Using  these  variables,  a  number  of  nonlinear  regression  runs  were  made,  and  chi-square 
"goodness-of-fit"  values  were  examined.   Predictions  from  all  models  displayed  significant 
differences  from  the  actual  values.   Examination  of  the  models  and  data  revealed  that  tlie 
greatest  misfit  was  due  to  data  from  a  single  subplot.   Therefore,  1  decided  to  sti-engthen 
the  data  base  by  adding  to  it  the  data  from  those  subplots  originally  eliminated  liecause  of 
the  paved  highway.   A  second  set  of  nonlinear  regression  rims  was  made,  but  again  tlie  resulting 
models  displayed  poor  fit  in  the  same  diameter  class. 

Because  tree  vigor  is  such  a  subjective  classification,  the  apparently  atypical  subplot 
was  eliminated  and  new  equations  determined.   The  resulting  model's  predictions  were  not 
significantly  different  from  the  actual  values  (see  table  lb).   To  test  tliis  model  furtlier, 
chi-square  values  were  also  computed  for  the  data  reserved  for  validation.   Tlie  result  inelicatetl 
a  significant  difference  between  the  model  predictions  and  the  actual  data,  and  the  cause  was 
traced  to  another  subplot  with  an  unusual  conversion  rate  in  the  same  diameter  class.   I  could 
not  determine  why  the  two  subplots  exhibited  such  high  conversion  in  the  same  diameter  class, 
but  the  elimination  of  the  second  subplot  from  the  data  did  produce  an  insignificant  chi- 
square  value  for  the  validation  data. 

The  final  conversion  model  is: 

-X  -1 
PrCON  =  (1.0  +  e  '  ) 

where 

2 
X  =  -3.777269  +  0.5012605D  -  6 . 597465E-n3D   -  0.09821765 

PrCON  =  proportion  of  trees  in  a  diameter  class  converting  from  blackjack  ]iine  to  x'ellow 
pine 

D  =  diameter  class  size 

S  =  Minor's  site  index 

A  plot  of  this  ec|uation  is  in  figure  4.   To  use  this  model,  each  indeixMident  variable  is 
assigned  the  value  existing  for  the  diameter  class  at  tlie  start  oi'   the  growth  period  prior  to 
reclassification.   Therefore,  at  the  start  of  every  fourth  growth  period,  a  prediction  is  made 
as  to  how  many  trees  will  convert  by  the  start  of  the  fifth  growth  pei-iod. 


Table  16 . --Chi-sguare   test   across   diameter  classes   for  final   conversion   model,    developed   using 

the   expanded  data   set,    without   data   from  subplot   13 


Number  of  trees 
in  class 


Actual 
conversion 


Predicted 
conversion 


Chi -square 
value 


4  -  9 
in  -  11 
12  -  15 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29+ 


1,486 

317 

228 

103 

99 

91 

91 

93 

100 

87 

79 

74 

64 

47 

42 

32 

24 

15 

19 


0.00 

0 

1.00 

4.00 

1.00 

6.00 

1.00 

4.00 

4.00 

2.00 

5.00 

4.00 

8.00 

1.00 

6.00 

4.00 

5.00 

4.00 

5.00 


1.33 
.94 
1.39 
1.06 
1.36 
1.75 
2.43 
2.81 
4.03 
4.70 
4.87 
5.29 
6.17 
5.21 
5.69 
5.13 
4.13 
3.58 
4.32 


1.3 
.9 
.1 

8.1 

.1 

10.3 

.8 

.5 

0 

1.6 

0 
.3 
.5 

3.4 

0 
.2 
.2 
.1 
.1 


Chi-square  statistic  =  28.7 
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Figure  4 . --Predict cd  conversion 
from  blackjack  pine  to  yellow 
pine  by  diameter  class  size 
and  site  index  (S) . 
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Recruitment 

The  requirements  for  adecjuate  natural  regeneration  in  the  southwestern  jioiidd'osa  pine  ai'e 
the  presence  of  large,  vigorous  trees  well  dispersed  over  the  area,  a  good  seetl  crop,  adequate 
rainfall  in  two  consecutive  years,  and  low  level  of  competitive  vegetation  (see  appendix  (1  l"or 
details).   Tliis  combination  of  conditions  occurs  at  erratic  invervals  and,  as  a  result,  ade- 
quate natural  regeneration  is  erratic.   For  example,  the  last  excellent  regeneration  period 
occurred  in  1918-1919  (Pearson  1950;  Meagher  1950;  and  Schubert  1974).   Cooper  (19()0)  has 
concluded  that  erratic  natural  regeneration  is  a  major  reason  for  tlie  "unbalanced"  size  struc- 
ture of  the  ponderosa  pine  forests  of  the  Southwest. 

Ideally,  a  natural  regeneration  model  should  take  all  of  these  factors  into  consideration 
as  components  of  it  (sucii  as  the  one  described  by  Leak  and  Craber  197(i).   IJnfort  unat  e  1  >• ,  the 
data  available  in  this  study  preclude  the  development  of  a  regeneration  model.   This  was 
unfortunate  because  the  greatest  distinction  betvv'een  even-  and  uneven-aged  stand  development 
is  the  method  of  regeneration.   Tlie  even-aged  stand  usually  starts  as  a  surge  of  rej',enerat  i  on 
over  a  relatively  short  period  of  time  (20  years  or  less).   Next  is  a  stage  where  little  or  no 
regeneration  takes  place.   Finally,  some  regeneration  may  again  occur  (depending  ujuin  tlie 
species  and  site  characteristics)  as  tl'ic  stand  becomes  mature  for  overmature)  and  develojis  a 
more  open  structure.   On  the  other  hand,  tlie  uneven-aged  stand  is  usually  chai-ac  tt.'r  i  ;:eti  liy  a 
more  or  less  continuous  flow  of  regeneration  into  the  stand. 


Because  of  the  data  restrictions,  the  only  "recruitment"  model  possible  at  this  time  is 
an  ingrowth  model.   In  this  study,  ingrowth  is  defined  as  the  number  of  new  trees  growing  into 
the  4-  or  5-inch  diameter  classes  during  a  growth  period.   Ingrowth,  therefore,  includes  not 
only  those  factors  influencing  the  amount  of  established  seedlings,  but  also  includes  those 
factors  influencing  the  growth  and  mortality  rate  of  seedlings  as  they  advance  to  ingrowth 
size.   Conditions  providing  for  a  large,  established  seedling  crop  and  allowing  favorable 
seedling  growth  and  low  mortality  will  ultimately  result  in  a  large  ingrowth  rate  at  some 
point  in  the  future. 

For  uneven-aged  stands,  ingrowth  can  be  expected  at  any  time,  but  in  even-aged  stands, 
ingrowth  would  only  be  expected  during  the  early,  and  possibly  the  late,  stand  development 
phase.   Unfortunately,  the  Taylor  Woods  even-aged  data  represent  only  stands  in  relatively 
early  stand  development.   As  a  result,  any  ingrowth  model  developed  using  just  the  Taylor 
Woods  data  would  be  applicable  only  to  stands  in  the  same  stand  development  phase.   Such  a 
restriction  would  give  the  model  little  utility  for  predicting  even-aged  stand  development 
through  all  phases  of  development.   Therefore,  it  was  decided  that  the  ingrowth  model  would  be 
developed  only  for  uneven-aged  stands.   An  alternative  method  for  even-aged  stands  by  which 
use  of  the  basal  area  and  mortality  models  are  extended  down  into  the  1-,  2-,  and  3-inch 
diameter  classes  is  proposed  and  tested  in  the  validation  phase. 

Two  equations  were  used  to  model  uneven-aged  ingrowth.   The  first  predicts  the  total 
number  of  ingrowth  trees.   The  second  predicts  the  proportion  of  the  total  ingrowth  trees  that 
will  grow  through  the  4-inch  diameter  class  and  into  the  5-inch  diameter  class  during  the 
growth  period. 

TOTAL  INGROWTH 

Aftei  examining  prior  silvicultural  and  mensurational  findings,  I  hypothesized  that  the 
factors  possibly  influencing  the  rate  of  ingrowth  for  uneven-aged  stands  included  potential 
of  the  stand  to  produce  cones,  level  and  structure  of  competition,  site  index,  mean  stand 
diameter,  and  quadratic  mean  stand  diameter.   Based  on  these  factors,  appropriate  independent 
variables  were  defined.   The  following  is  a  summary  of  the  process  used  to  develop  the  total 
ingrowth  model.   Further  details  are  in  appendix  G. 

Two  factors  influenced  the  development  of  a  strategy  for  modeling  total  ingrowth.   First, 
while  a  nonlinear  total  ingrowth  model  is  most  likely,  it  was  not  known  whether  the  residuals 
about  the  model  are  multiplicative  (implying  that  taking  the  log  of  the  model  could  linearize 
the  data)  or  additive.   Second,  the  form  and  specification  of  the  applicable  independent 
variables  in  the  final  ingrowth  model  had  not  been  rigorously  defined.   Therefore,  a  good  deal 
of  screening  was  necessary  before  the  final  model  could  be  determined.   Given  these  conditions, 
the  following  strategy  was  used  to  develop  a  total  ingrowth  model: 

Phase  l.--The  total  ingrowth  data  were  separated  into  two  sets:  virgin  uneven-aged  and 
managed  uneven-aged.   For  each  set,  a  preliminary  all-combinations  screening  run  using  linear 
regression  was  made  on  the  variables  linearized  by  applying  logarithms,  and  selected  models 
were  chosen  for  further  analysis. 

Phase  2.- -A  second  screening  run  combined  the  two  basic  data  sets  through  use  of  the 
time-since-last-cutting  transforms.   Because  the  sign  on  site  index  was  not  considered  reason- 
able, a  new  dependent  variable  was  formed  by  dividing  total  ingrowth  by  site  index  and  taking 
the  log  of  the  quotient.   A  new  set  of  screening  runs  was  then  made  and  the  final  independent 
variables  were  chosen. 

Phase  5. --An  examination  of  the  residuals  of  the  preceding  model  indicated  that  the  error 
structure  of  total  ingrowth  divided  by  site  index  might  not  be  best  represented  by  a  log 
model.   Therefore,  the  antilog  of  the  model  was  fitted  with  a  linear,  least  squares  slope 
correction.   An  examination  of  these  residuals  revealed  that  the  error  structure  of  total 
ingrowth  divided  by  site  index  was  better  represented  by  a  weighted,  nonlinear  model  with  an 
additive  error. 
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Phase   4.  --Vv'cigl)ts   wcn-e    then   developed    and    used    in    a    vse  i  I'Jit  rd ,    iiunliiU'ar    i-es^ression 
program   to   deterniiiie   the    following,    final    weighted   nonlinear   model: 

Total    ingrowth   =   doS(BACLi  I'^l  ( 1  .  O+BACL.  )'^-"e''^  ^'^'^'  "    *   ^^, 'M  HA"' ) 


where 


do  =  0.48650258 
dl  =  0.65949418 
d3  =  -0.49280582 


d3  =  -5.  9772  15951';- 06 

dl^    =   2.7()675o8 

d5  =  -1.  55299951 1;-06 


where 

S  =  Minor's  (1964)  site  index 

BA  =  total  stand  basal  area  per  aere  in  square  feet 

BACLi  =  basal  area  per  aere  in  the  4-  through  6-ineh  diameter  elasses 

BACL2  =  basal  area  per  aere  in  the  7  -inch  diameter  elasses. 

The  weighted,  mean  square  error  for  this  model  was  0.78244674.   Tlic  coefficient  of  dett-rmi  na 
tion,  R2,  was  0.8285  for  201  observations.   See  figure  5  for  a  grapli  of  this  function. 
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Figure  5 . --Predicted  total  number  of  ingrowth  trees  by  site  index  classes  (S) 
total  basal  area  classes  (BAJ ,  and  the  basal  area  in  tlie  4-,  5-,  and  d-inch 
diameter  classes. 
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THROUGH-GROWTH 

Through-growth  is  defined  as  the  proportion  of  the  total  ingrowth  that  will  grow  through 
the  4-inch  diameter  class  and  liito  the  5-inch  class,  in  the  same  growth  period.   It  is  assumed 
that  no  trees  will  grow  through  to  the  6-inch  class. 

As  with  the  mortality  and  conversion  models,  I  modeled  through-growth  using  the  nonlinear 
logistic  function.   Independent  variables  tried  in  this  weighted,  nonlinear  analysis  included 
predicted  basal  area  growth  in  the  4-inch  diameter  class,  predicted  total  ingrowth,  and  time- 
since-last-cutting.   The  finished  models  were  selected  after  fitting  and  closely  examining  a 
number  of  alternative  models.   The  regression  coefficients  for  these  models  are  in  table  17 
and  plots  of  the  models  in  figures  6  and  7. 

Table  17. --Final  through-growth  equations 

-X   -1 
Through-growth  =  (1.0  +  e   ) 

where 

Tlirough-growth  =  proportion  of  the  total  number  of  ingrowth  trees  that  through  grow  into 
the  5-inch  diameter  class 

-2.636336  +  28 . 73438*BJBAG1 -4"  -  0 . 03419626*Ai *TINGRO 

or 

-2.490266  +  24.95862*BJBAG2-4"  -  0. 03440381 *Ai *TINGRO 

BJBAGl-4"  =  predicted  basal  area  growth  of  the  4-inch  diameter  class  using  the  even-  and 
uneven-aged  blackjack  pine  equation 

BJBAG2-4"  =  predicted  basal  area  growth  of  the  4-inch  diameter  class  using  the  uneven- 
aged  blackjack  pine  equation 

TINGRO  =  predicted  total  number  of  ingrowth  trees 
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Figure   6. --Predicted   throiigli-grovvth   by 
BJBAGl-4"   and   total    ingrowth    (TIJ. 
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Figure  7 . --Predicted  through-growth  by 
BJBAG2-4"  and  total  ingrowth  (TI) . 
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Height  and  Cubic-foot  Volume  Equations 

The  lack  of  lieight -growth  data  necessitated  developing  a  1  te  I'lia  t  i  ve  height  etinations  for 
assessing  product  potential  as  predicted  liy  cubic-foot  volume  equations.   Two  separate 
equations  were  developed  for  even-aged  and  for  uneven-aged  stands. 

EVEN  AGED  HEIGHT  EQUATION 

Minor  (1904)  developed  an  equation  for  even-aged  blackjack  stands  m  nortlu-rn  Arizona 
that  predicts  heights  of  dominant  trees  as  a  function  of  site  index  and  stand  age.   I'lots  of 
average  diameter  class  heights  over  diameter  class  size  for  the  Taylor  Woods  heiglit  data 
indicated  that  average  diameter  class  height  was  below  the  height  preilicted  hy  Minor's  (l'.)(>r 
equation  for  the  smallest  diameter  classes  and  increased,  asxinjitot  i  ca  1  ly ,  to  Minor's  (l".)()l) 
height  prediction  in  the  largest  diameter  classes.   Using  the  procedure  outlined  in  appendix 
11,  the  following  et^uation  was  developed  for  use  in  even-aged,  blackjack  stands: 


1  .  3' 


H^  =  Mil  -  0.88()15()57fNUl-4.5)  (1.0 "^l 

V  MD 

where 

H   =  average  height  of  the  Dth  diameter  class 

D  =  diameter  class  size 
Mil  =  maximum  height  as  predicted  by  Minor's  (19b4)  equation 
=  S  -  1.4003  (/a  -  10)  +  0.1559(S)  (./a  -  10) 
S  =  Minor's  (1964)  site  index 
A  =  breast  height  stand  age,  20<_A<140 
DM  =  maximum  diameter  class  size  that  the  stand  has  achieved  in  its  development. 

UNEVEN-AGED  HEIGHT  EQUATION 

Because  stand  age  is  meaningless  in  uneven-aged  stands,  the  foregoing  even-aged  eciuation 
cannot  be  applied  to  uneven-aged  stands.   As  an  alternative,  an  ecpiation  that  predicts  average 
diameter  class  height  as  a  function  of  site  index  and  diameter  class  size  was  developed  using 
tlie  procedure  described  in  appendix  11.   The  ec|uation  is: 


D 
where 


(D+35) 
Hn  =    bo    +    bi-    S    -    '    e    ^ 


H   =  average  height  of  the  Dth  diameter  class 

D  =  diameter  class  site 

S  =  Minor's  (1964)  site  index 
bQ    =  4.5 
bi    =  15.178649 
i)2  =  0.71651005 
i>3  =  -4221.6528 
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This  equation  is  for  both  blackjack  and  yellow  pine.   Insufficient  data  precluded  separate 
equations . 


TOTAL  STEM  CUBIC  FOOT  VOLUME  EQUATIONS 

Existing  equations  or  data  for  developing  new  equations  to  predict  total  stem  cubic  foot 
volume  in  1-inch  diameter  classes  were  not  available  for  northern  Arizona.   As  an  alternative, 
I  used  tree  volume  equations  developed  by  Hann  and  Bare  (1978)  for  yellow  and  blackjack  pine 
on  the  Coconino  National  Forest  of  northern  Arizona.   While  application  of  an  individual  tree 
volume  equation  to  diameter  class  attributes  could  produce  biased  volume  estimates,  I  felt  the 
smallness  of  1-inch  classes  would  minimize  the  potential  problem. 

Structure  of  Simulator 

The  four  models--upgrowth,  mortality,  conversion  from  blackjack  pine  to  yellow  pine,  and 
ingrowth--interact  in  the  following  fashion: 

1.  Present  number  of  trees  in  each  diameter  and  vigor  class  provide  the  starting  point. 

2.  Mortality  is  computed  and  subtracted  from  each  class  to  give  the  number  of  trees 
expected  to  survive  to  the  end  of  the  growth  period. 

5.   Using  diameter  class  growth  of  the  survivors  and  the  appropriate  within  diameter 
class  distribution,  the  number  of  trees  moving  to  various  diameter  classes  is  determined. 

4.  At  the  start  of  each  fourth  growth  period,  the  blackjack-to-yellow  pine  conversion 
rates  for  survivors  are  calculated;  otherwise,  the  conversion  rates  are  set  to  zero.   The 
conversion  rates  and  upgrowth  information  then  are  used  to  allocate  the  survivors  to  the 
appropriate  "future"  diameter  and  vigor  classes. 

5.  Ingrowth  for  the  next  5-year  period  is  computed  and  added  to  the  4-  and  5-inch  classes, 

6.  Removals  due  to  cutting  are  made  from  each  diameter  class.   Cutting,  therefore, 
presumably  occurs  at  the  end  of  the  growth  period.   This  step  completes  the  "future"  diameter 
distribution . 

7.  This  distribution  then  becomes  the  present  diameter  distribution,  and  the  cycle 
starts  again.   A  system  interaction  chart  is  found  in  figure  8. 


VALIDATION  OF  SIMULATOR 

The  problem  of  validating  a  simulator  has  troubled  modelers  for  years.   Shannon  (1975) 
identified  and  described  the  philosophies  of  three  approaches.   "Rationalism  holds  that  a 
model  is  simply  a  system  of  logical  deductions  from  a  set  of  premises,  which  may  or  may  not  be 
open  to  empirical  verification  or  appeal  to  objective  experience"  (page  212).   "Empiricism 
refuses  to  admit  any  premises  or  assumptions  that  cannot  be  verified  independently  by  experi- 
ment or  analysis  of  empirical  data"  (page  214).   Finally,  absolute  pragmatism  holds  that  a 
model  is  designed  to  meet  a  need,  and  if  the  model  succeeds  in  meeting  the  need,  then  it  has 
been  validated. 
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People  interested  in  validation  have  come  to  realize  that  none  of  the  thi'ee  ph  i  losnplii  cs 
fully  meets  validation  needs  individually  or  is  ajiplicablc  to  all  situations.  As  a  result,  a 
utilitarian  a]iproach  lias  evolved.   Shannon  defines  the  tliree  stcjis  of  tins  approach: 

The  first  stage  is  to  seek  face  validit}'  of  the  internal  structure  of  the  model 
based  upon  a  priori  knowledge,  past  research,  and  existing  theor>-  (page  2 1  .'i  )  . 

The  second  stage  is  also  concerned  with  the  validation  of  the  internal  structure 
of  the  model,  and  consists  in  em]-)irical  ly  testing,  whenever  possible,  the  hv'pnthesis 
used  (page  215)  . 

The  third  stage  attempts  vigorously  to  verify  the  model's  abilit\-  to  predict  the 
behavior  of  the  real  world  system  (jxige  21(i). 

Many  applications  to  forestry  reciuire  the  simulator  to  be  botli  a  jirediclion  (or  "prognosis' 
tool  and  a  technic|uc  for  examining  the  dynamics  of  the  system.   This  recjuires  the  simulator  to 
be  accurate  not  only  in  a  behavioral  sense  but  also  quantitatively.   Man)'  of  the  sxstem  com- 
ponents are  slow  to  react  and,  coupled  with  the  general  iong-i-ange  as])ects  of  forest  r\',  require 
long  simulation  runs  to  fully  monitor  true  system  behavior.   With  these  sjiecial  characteristics 
in  mind,  1  slightly  modified  and  expanded  u]ion  the  preceding  utilitarian  philosoph}'  to  pi'oduce 
the  following  tentative  "rules  of  validation." 

1.   The  simulator  components  should  have  a  sound  theoretical  basis  that  uses  as  much 
experimental  evidence  and  expert  knowledge  as  jiossible.   Tli  i  s  would  include  identifx'ing  the 
significant  system  components,  the  factors  that  can  influence  these  components,  and  applicable' 
forms  and  techniques  for  modeling  tliem. 
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2.  Correct  statistical  and  modeling  techniques  should  be  used  to  develop  estimates  of 
the  jiarameters  of  the  basic  components. 

3.  Where  possible,  the  estimated  parameters  and  model  forms  of  these  components  should 
be  validated  with  a  data  source  independent  from  that  first  used  to  estimate  the  parameters. 

4.  Like  its  components,  the  validation  of  the  simulator  should  also  be  made  on  a  data 

set  independent  of  those  used  to  derive  the  simulator.   This  is  necessary  only  if  the  simulator 
is  to  be  applied  to  studies  other  than  those  used  in  its  development  (which  is  the  case  most 
of  the  time  in  forestry  applications).   This  or  these  independent  data  set(s)  should  also  have 
a  form  compatible  with  the  underlying  structure  of  the  simulator  and  should  cover  as  wide  a 
range  of  conditions  as  possible. 

5.  Validation  sliould  occur  on  the  basic  attributes  that  the  simulator  produces.   For 
example,  if  the  simulator  is  an  individual  tree/distance  dependent  one,  then  validation  should 
occur  on  tlie  tree  level  attributes  rather  than  on  stand  level  attributes.   Aggregation  tends 
to  cover  up  inconsistencies. 

6.  Validation  should  occur  over  long  enough  time  to  allow  valid  tests  (or  comparisons) 
of  long-  as  well  as  short-term  responses  and  of  subtle  changes  that  take  a  long  time  to 
manifest  themselves. 

7.  Where  possible,  some  type  of  "statistical"  test  should  be  used  to  aid  in  quantifying 
validity. 


Applying  the  Rules 


The  first  three  rules  are  normally  applied  during  the  model  building  process,  while  the 
last  four  rules  are  applicable  to  the  final  simulator.   To  incorporate  the  first  two  rules  in 
this  study,  the  following  steps  were  taken  in  the  model  building  process:  (1)  an  exhaustive 
examination  of  the  literature  to  identify  major  components  of  the  simulator,  the  factors 
influencing  these  components,  and  applicable  model  forms;  (2)  an  insistence  that  the  various 
equations  used  to  model  these  components  meet  the  expected  model  forms  and  behave  reasonably 
across  the  expected  input  data  range;  (5)  identification  of  the  correct  statistical  tools  to 
model  the  components;  and  (4)  where  possible,  a  test  of  the  assumption  of  both  the  models  and 
statistical  tools. 

I  decided,  however,  to  develop  a  validation  process  that  combined  rule  3  with  the  last 
four  rules  so  I  could  evaluate  each  component  by  how  it  influences  the  prediction  of  future 
diameter  distributions,  and  by  the  necessity  of  saving  time  and  conserving  monetary  resources. 
To  combine  rule  3  with  the  last  four  rules,  it  was  necessary  to  make  four  different  validation 
runs.   The  first  run  used  actual  values  for  all  components  except  upgrowth;  that  is,  only 
upgrowth  was  predicted.   The  second  run  used  predicted  upgrowth  and  mortality.   The  third  run 
used  predicted  upgrowth,  mortality,  and  conversion.   The  final  run  predicted  all  components 
(upgrowth,  mortality,  ingrowth,  and  conversion) .   In  this  way,  the  effect  of  adding  each 
predicted  component  to  the  simulator  could  be  evaluated  by  how  the  simulator  predicts  the 
basic  attribute  of  interest,  the  future  diameter  distributions  (rule  5). 

Because  two  blackjack  pine  equations  were  developed  (one  with  the  even-aged  data  and  one 
without),  both  equations  were  tested  on  the  first  set  of  validation  runs.   The  equation  that 
performed  best  was  the  final  blackjack  pine  growth  equation.   A  similar  approach  was  used  on 
the  second  set  of  runs  to  evaluate  various  mortality  models. 

Validation  runs  were  made  on  the  data  reserved  for  that  purpose  (rule  4).   Additional 
work  was  needed  to  make  diameter  distribution  predictions  past  1940.   The  difference  between 
the  pre-  and  post-1940  periods  was  the  number  of  diameter  classes  that  could  be  compared  (for 
pre-1940,  all  diameter  classes  4  inches  and  greater  could  be  compared  while,  after  1940,  only 
diameter  classes  8  inches  and  greater  could  be  compared). 

The  choice  of  what  statistics  and  tests  were  appropriate  for  comparing  predicted  to  the 
actual  diameter  distributions  (rule  7)  proved  to  be  difficult.   After  reviewing  or  trying  a 
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number  of  alternatives,  none  of  tliem  proved  either  applicable  or  useful  (see  a|)pendi.\  1  for 
further  details  on  tests  examined  or  tried).   A  test  not  examined  in  this  stuily  but  wliich 
could  prove  useful  in  future  studies  is  described  by  Freese  (!'.)()()). 

The  lacl<  of  a  useful  statistical  test,  therefore,  necessitated  a  suhjeclive  evaluation  of 
the  validation  rinis.   This  decision  led  to  an  additional  problem:  how  to  conveniently  sum- 
marize, for  reporting  and  comparative  purposes,  the  large  amoinit  of  detailed  individual 
subplot  validation  information  produced  in  validating  for  the  uneven -aged  ]ilots.   After 
consideration,  I  concluded  that  two  statistics  adequately  reflected  the  average  IxMiavior 
exhibited  by  just  the  validation  subplots.   These  statistics  were  computed  by  first  averaging 
across  all  tlie  plot's  subplots  the  predicted  aitd  actual  diameter  distribution  for  each  g,rowth 
period,  combining  blackjack  and  yellow  pine  in  the  process.   Next,  the  mean  difference  be- 
tween average  actual  and  average  predicted  diameter  distributions  (the  first  statistic)  and 
the  variance  of  these  differences  (the  second  statistic)  were  comjiuted  across  diameter 
classes  for  each  plot  and  growth  period. 

Use  of  averages  incorporating  both  the  model  building  and  the  validation  data  sets  would 
appear  to  violate  the  fourth  rule  of  validation  (that  is,  the  validation  data  should  hv    inde]")en- 
dent  of  the  model  building  data).   But  the  ajiparent  violation  is  not  serious  because  much  of 
the  basic  validation  information  produced  and  examined  (but  not  reported  here)  for  decision- 
making pertained  to  just  the  subplots  from  the  validation  data  set. 

For  the  even-aged  validation  data,  the  mean  difference  across  diameter  classes,  between 
the  actual  and  predicted  diameter  distribution  for  each  individual  plot  and  growth  ])eriod  and 
the  variance  of  these  differences  were  used  as  summarization  statistics.   Statistics  produced 
from  average  diameter  distributions  across  all  plots  are  meaningless  for  the  even-aged  data 
set . 

Results  of  Validation 

PREDICTED  UPGROWTH;  ACTUAL  MORTALITY.  CONVERSION.  INGROWTH 

The  first  set  of  validation  runs  used  predicted  upgrowth  and  actual  mortality,  cutting, 
conversion,  and  ingrowth  rates  to  assess  the  predictive  capabilities  of  the  various  upgrowth 
models . 

In  addition  to  the  two  blackjack  pine  basal  area  growth  equations  tested,  two  methods  for 
applying  the  equations  were  also  tested.   One  method  used  the  average  basal  area  growth  for 
the  diameter  class  to  advance  the  trees,  and  the  other  divided  the  diameter  class  into  three 
more  classes  and  then  used  estimates  for  the  lower,  middle,  and  upper  basal  area  growtlis  of 
the  diameter  class  to  advance  each  third  separately.   The  combination  of  basal  area  growth 
equations  and  advancement  techniques  resulted  in  the  evaluation  of  four  different  upgrowth 
models . 

For  simplicity,  the  actual  mortality,  conversion,  and  cutting  rates  were  expressed  as 
proportions  rather  than  number  of  trees.   This  approach  has  the  advantage  of  eliminating  tlie 
problems  associated  with  removals  being  larger  than  the  number  of  trees  in  a  diameter  class. 
The  method,  however,  exaggerates  differences  between  predicted  and  actual  upgrowtli  because 
any  difference  between  the  resulting  predicted  and  actual  diameter  distributions  will  result 
in  different  numbers  of  trees  being  removed  due  to  mortality,  cutting,  or  conversion. 

Examining  these  runs  revealed  that,  on  the  uneven-aged  plots,  the  blackjack  pine  basal 
area  growth  equation  developed  with  both  even-  and  uneven-aged  data  (BJBACl)  hehaveil  tlie  same 
as  the  equation  developed  with  just  tlie  uneven-aged  data  (B.TBA("i21.   As  a  result,  B.IBACl  was 
adopted  as  the  final  basal  area  growth  ecjuation  for  blackjack  pine. 

In  addition,  the  upgrowth  rate  appeared  too  high.   This  led  to  an  immediate  suspicion  of 
the  proposed  correction  for  log  bias  because  of  the  magnitude  of  that  correction  (a  S.S  |iercent 
increase  for  blackjack  pine  and  140  percent  increase  for  _\'ellow  pine)  and  because  the  justifi- 
cation for  that  correction  was  not  too  firm.   Therefore,  1  decideil  to  tr\'  two  adtlitional 
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correction  schemes:  no  correction,  and  a  correction  of  in(Y/Y),  where  Y  is  mean  basal  area 

growth  and  Y  is  mean  predicted  basal  area  growth  with  no  correction  for  log  bias.   I  chose 
the  latter  because  the  correction  was  about  halfway  between  the  original  correction  and  zero 
correction. 

Six  validation  runs  were  made  on  each  plot,  each  run  representing  a  different  log  cor- 
rection and  one  of  the  two  methods  for  applying  the  equations  (that  is,  average  basal  area 
growth  or  basal  area  growth  in  thirds) .   From  these  runs  I  concluded  that  the  best  log  bias 
correction  was  no  correction,  and  the  best  method  for  applying  the  equations  was  to  divide  the 
diameter  classes  into  thirds  and  project  each  third. 

The  conclusion  that  a  zero  (when  added  to  intercept  terms  of  the  log  model)  correction  is 
best  of  the  three  methods  should  not  be  construed  to  mean  that  a  zero  correction  is  the  best 
of  all  possible  ones.   A  more  likely  interpretation  is  that  the  correction  should  be  smaller 
than  the  two  values  tested.   Obviously,  the  correction  method  posed  in  appendix  D  does  not 
produce  appropriate  corrections  for  log  bias.   Until  a  more  theoretical  basis  for  correcting 
log  bias  in  the  nonnormal  case  is  developed,  the  most  reasonable  approach  may  be  to  not  correct 
the  equations  directly  for  log  bias,  but  rather,  to  build  in  a  calibrating  routine  that  will 
correct  for  log  bias,  site  differences,  and  so  forth. 

Table  18  aids  comparison  of  the  effects  of  adding  predictive  components  upon  accuracy  (as 
measured  by  average  differences  between  predicted  and  actual  number  of  trees  in  a  diameter 
class)  and  precision  (as  measured  by  the  variance  of  the  differences) .   The  first  two  columns 
of  values  provide  the  mean  difference  and  the  variance  of  differences  for  each  plot  and  growth 
period  (since  initialization)  for  the  set  of  runs  using  the  final  predicted  upgrowth  model  and 
actual  mortality,  conversion,  and  ingrowth.   If  a  model  predicted  upgrowth  perfectly,  the 
resulting  values  would  be  zero.   While  the  values  do  differ  from  zero,  their  magnitudes  indi- 
cate that  upgrowth  predictions  are  reasonably  good. 

As  expected,  results  also  indicate  that,  as  the  number  of  growth  periods  from  initial- 
ization increases,  the  mean  differences  and  the  variance  of  the  differences  also  increase. 

PREDICTED  UPGROWTH   AND  MORTALITY;  ACTUAL  CONVERSION   AND  INGROWTH 

1  tested  two  blackjack  pine  mortality  equations  in  this  set  of  runs:  one  equation  was 
developed  using  the  uneven-aged  data,  and  the  other  using  both  the  even-  and  uneven-aged  data. 
I  developed  the  single  yellow  pine  equation  using  uneven-aged  data. 

Analysis  of  the  runs  showed  the  even-  and  uneven-aged  blackjack  pine  equation  evidently 
inferior  to  the  uneven-aged  blackjack  pine  equation  for  predicting  uneven-aged  mortality. 
The  former  equation  also  did  not  predict  even-aged  mortality  well.   This  finding  was  not 
surprising  because  of  the  high  level  of  snowbreak  loss  on  the  even-aged  plots. 

A  different  approach  for  predicting  even-aged  mortality  was  tried.   I  reclassified  the 
snowbreak  mortality  as  a  "cutting"  loss  (that  is,  not  endemic),  and  predicted  the  remaining 
mortality  using  the  uneven-aged  mortality  equations.   The  result  was  greatly  improved  runs 
over  those  using  even-  and  uneven-aged  mortality  equations. 

This  finding  indicates  that  if  catastrophic  losses  (such  as  snowbreak,  fire,  insects,  or 
disease)  are  treated  in  the  same  fashion  as  cutting  losses,  endemic  losses  in  even-  and  uneven- 
aged  stands  could  be  predicted  using  the  same  mortality  equations,  if  the  equations  are 
developed  appropriately. 

The  third  and  fourth  columns  of  table  18  provide  the  mean  difference  and  the  variance  of 
differences  for  the  runs  using  the  final  upgrowth  and  mortality  models  and  actual  conversion 
and  ingrowth.   A  comparison  with  the  values  derived  from  the  previously  discussed  set  of  runs 
indicates  that  adding  tlie  mortality  functions  has  not  greatly  affected  accuracy  and  precision. 
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Table    18. --ftfedn   difference  and    variance   of   differences   between   avcra<je   uctu.ji    and   avma'/e  pi  ed  icled   numbe: 
of   trees   per   diameter   class    for   a    specified   plot,    arowth   period,    :nid   -^iinn  I  .it  inn    tt)pe 
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mortality, 

I  upgrowth, 
conversion 

All  CO 
pre 

mponcnts 
dieted 

period 

Mean 

Variance  of 

Mean 

Variance  of 

Mean 

Variance  of 

Mean 

Variance  of 

difference 

di  fference 

difference 

difference 

difference 

difference 

di  fference 

di  fference 
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1 

0.0028 

0.0151 

0.0135 

0.0153 

0.0135 

0.0153 

0.0283 

0.0138 

T 

.0027 

.0495 

.0183 

.0486 

.0183 

.04  86 

.0568 

.0371 

3 

.0021 

.0615 

.0231 

.0640 

.0231 

.0640 

.0683 

.056  3 

4 

.0092 

.0101 

.0263 

.0118 

.0263 

.0118 

.0274 

.0107 

5 

.0082 

.0102 

.0279 

.0126 

.0282 

.0126 

.0366 

.0104 

6 

.0124 

.0244 

.0268 

.0255 

.0271 

.0255 

.0474 

.  04  1  9 

7 

.0126 

.0327 

.0295 

.0366 

.0300 

.0365 

.0597 

.0573 

8 

.0261 

.0395 

.0450 

.0459 

.0455 

.0457 

.0800 

.0713 

10 

.1000 

.44  36 

.1239 

.4596 

.1242 

.4581 

.1600 

.4667 

62 

1 

.0000 

.0093 

.0080 

.0094 

.0080 

.0094 

-.0027 

.0294 

-) 

-.0007 

.0166 

.0102 

.0162 

.0102 

.0162 

-.0050 

.0511 

3 

-.0010 

.0267 

.0143 

.0260 

.0143 

.0260 

.0105 

.04  75 

4 

.0334 

.0101 

.0492 

.0092 

.0492 

.0092 

.0516 

.  0 1 06 

5 

.0221 

.0110 

.0392 

.0092 

.0422 

.0092 

.0476 

.0132 

6 

.0250 

.0214 

.0455 

.0178 

.0461 

.0178 

.0592 

.0269 

7 

.0366 

.0541 

.0563 

.0466 

.057i 

.0465 

.0700 

.0541 

8 

.1137 

.3133 

.1353 

.2966 

.1361 

.2962 

.1416 

.2529 

9 

.0582 

.1751 

.0808 

.1610 

.0813 

.1608 

.0826 

.  1828 

71 

1 

.0003 

.0292 

-.0006 

.0297 

-.0006 

.0297 

.0086 

.0409 

2 

-.0006 

.0806 

.0003 

.0844 

.0003 

.0844 

-.040b 

T-  T^ 

3 

.0627 

.0335 

.0645 

.0323 

.0645 

.0323 

.0727 

.0423 

4 

.0232 

.0310 

.0312 

.0295 

.0312 

.0295 

.0497 

.0260 

5 

-.0343 

.0426 

-.0211 

.0404 

-.0243 

.0407 

-.0071 

.0358 

6 

-.0378 

.0304 

-.0228 

.0292 

-.0244 

.0295 

-.0425 

.0581 

8 

-.2118 

.3379 

-.1882 

.2975 

-.1884 

.2977 

-.3484 

1.6092 

72 

1 

.0003 

.0392 

-.0017 

.0363 

-.0017 

.0363 

-.0042 

.0588 

-> 

.0005 

.0710 

.0038 

.0692 

.0038 

.0692 

-.0316 

.2209 

3 

.0694 

.0419 

.0715 

.0428 

.0715 

.0428 

.0765 

.0504 

4 

.0466 

.0403 

.0534 

.0422 

.0534 

.0422 

.Ob  31 

.0481 

5 

.0247 

.0381 

.0356 

.0437 

.0328 

.044  3 

.0372 

.0467 

6 

.0811 

.1905 

.0957 

.2096 

.0938 

.2109 

.0603 

.0815 

8 

-.0550 

.3290 

-.0321 

.3246 

-.0326 

.3256 

-.2208 

1.3616 

TW-5 

1 

.0000 

39.87 

.1744 

40.67 

_- 

-- 

-- 

2 

-.0082 

64.12 

.2991 

65.94 

-- 

-- 

-.3419 

40.49 

TW-6 

1 

.0000 

59.66 

.1567 

60.86 

-_ 

-- 

-- 

2 

.0100 

78.00 

.1482 

81.71 

-- 

-- 

-.5644 

65.22 

TW-7 

1 

.0000 

20.96 

.0622 

21.26 

-- 

-- 

-- 

-- 

2 

.0000 

20.87 

.0875 

21.02 

-- 

-- 

-.2291 

9.80 

TW-10 

1 

.0000 

221.37 

.2786 

226.01 

-- 

-- 

-- 

-- 

2 

.0000 

164.43 

.4778 

172.11 

-- 

-- 

-1.9250 

5  1  .  86 

TW-13 

1 

.0000 

39 .  24 

.2113 

40.80 

-- 

-- 

-- 

2 

.0000 

53.96 

.3400 

56.99 

-- 

-- 

-1.8774 

32.58 

TW-17 

1 

.0000 

20.74 

.1022 

21.14 

-- 

-- 

-- 

-- 

2 

.0000 

37.13 

.1727 

37.74 

"' 

-.4680 

35.55 

35 


PREDICTED  UPGROWTH.  MORTALITY.  AND  CONVERSION;  ACTUAL  INGROWTH 

Conversion  from  blackjack  pine  to  yellow  pine  is  applied  at  the  end  of  each  fourth  growth 
period.   Therefore,  only  simulation  runs  longer  than  four  growth  periods  will  show  the  effect 
of  adding  predicted  conversion  upon  the  resulting  predicted  diameter  distribution.   For  simu- 
lation runs  (such  as  the  even-aged  runs)  under  five  growth  periods  in  duration,  the  results 
are  identical  to  those  runs  using  actual  conversion  and  ingrowth.   As  a  result,  the  even-aged 
data  could  not  be  used  to  check  the  predicted  conversion  models. 

The  fifth  and  si.xth  columns  of  table  18  present  the  mean  and  variance  of  differences  for 
the  simulator  using  the  final  predicted  upgrowth,  mortality,  and  conversion  models,  and  actual 
ingrowth.   Results  indicate  that  using  predicted  conversion  does  not  reduce  accuracy  and 
precision  by  much. 

ALL  COMPONENTS  PREDICTED 

The  final  component,  ingrowth,  was  developed  using  the  uneven-aged  data  alone  and,  for 
this  reason,  is  not  applicable  to  the  even-aged  validation  plots.   The  addition  of  the  ingrowth 
component  reduces  both  accuracy  and  precision  (see  the  last  two  columns  of  table  18),  which 
is  particularly  noticeable  on  the  longer  runs  and  on  the  managed,  uneven-aged  plots  (plots 
71  and  72)  . 

Because  an  objective  was  to  produce  a  simulator  useful  in  predicting  even-aged  stands  as 
well,  a  substitute  for  the  ingrowth  model  was  devised  and  then  tested  on  the  even-aged  valida- 
tion plots.   This  consisted  of  extending  the  use  of  the  upgrowth  and  mortality  models  into  the 
1-,  2-,  and  3-inch  diameter  classes  as  well.   If  the  number  of  trees  existing  below  the  1-inch 
diameter  class  and  the  possibility  of  additional  regeneration  are  both  insignificant  for  the 
stand,  then  ingrowth  should  consist  of  those  trees  from  the  1-,  2-,  and  3-inch  classes  surviving 
and  upgrowing  into  the  4-inch  or  larger  diameter  classes.   Therefore,  if  the  available  upgrowth 
and  mortality  equations  can  be  extended  into  these  classes,  reasonable  ingrowth  predictions 
should  result. 

The  values  listed  in  the  last  two  columns  of  table  18  for  the  Taylor  Woods  plots  are  the 
results  of  applying  the  proposed  technique  for  two  growth  periods.   On  all  plots,  the  technique 
both  increased  the  mean  difference  per  diameter  class  and  reduced  the  variance  of  the  differences] 
The  resulting  mean  differences,  however,  are  still  small  when  compared  to  values  for  average 
actual  number  of  trees  per  diameter  class  that  ranged  from  9.58  (for  TW-7)  to  77.90  (for  TW- 
10).   1  concluded  from  these  findings  that  the  technique  is  an  adequate  substitute  for  an 
ingrowth  model  if  it  is  applied  to  a  stand  with  an  average  diameter  of  at  least  4  inches. 
This  is  necessary  because  all  of  the  Taylor  Woods  plots  fell  in  this  category. 

Predicting  Subplots  and  Averaging  vs.  Predicting  Plot  Averages 

Of  those  uneven-aged  whole  stand  simulators  developed  and  published,  all  have  used 
relatively  small  plots  as  their  data  base.   Moser  (1972)  used  1/5-acre  plots.   Later  Moser 
(1974)  used  plots  ranging  in  size  from  1  to  4  acres.   Finally,  Ek  (1974)  used  1/7-acre  plots. 
The  apparent  assumption  is  that  these  small  plots  have  the  same  structure  and  dynamics  as  the 
total  stand.   This  assumption  is  probably  met  in  truly  all-aged  stands;  however,  if  clumping 
exists  (as  it  does  in  ponderosa  pine),  the  assumption  probably  cannot  be  met. 

To  test  this  assumption,  the  average  plot  diameter  distributions  were  predicted  and 
compared  to  the  values  previously  obtained  by  averaging  the  predicted  subplots.   Table  19 
presents  mean  differences  and  the  variance  of  the  differences  for  each  plot  and  growth  period 
using  the  method  of  predicting  plot  averages.   Comparing  these  values  to  those  found  in  the 
last  two  columns  of  table  18,  I  concluded  that  predicting  plot  averages  generally  reduces 
both  accuracy  and  precision.   The  loss,  however,  appears  not  too  severe  for  most  potential 
uses  of  a  whole  stand  simulator.   The  conclusion  is  fortunate  since  using  the  simulator  for 
answering  managerial  questions  would  be  greatly  restricted  if  it  were  necessary  to  first 
simulate  subplots  and  then  average  to  get  stand  values. 
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Table  l9.--tlean    difference   ,ind    variance   of  differences   between   actual    and   predjcti'd   uveraiie 
plot   number  of   trees   per   diameter   class    for   a   specified  plot   and   'fvowth   period 


'lot 


Growth  Mean  Variance  of 

period  diffcrenei^  difference 


61  1  ().()27S  O.OJJd 

2  .()5(>3  .OS'JS 

3  .()63()  .()'.)3'.> 

4  .04  74  .0123 

5  .074  2  .()1()N 

6  .1076  .074(1 

7  .15b8  .1100 

8  .174S  .14.S1 
10  .2724  ..^^277 

62  1  -.0224  .044^.) 

2  -.04(vl  .0(,17 

5  -.0607  .1314 

4  .0174  .0070 

5  .0263  .0037 

6  .0284  .0134 

7  .0300  .0110 

8  .0642  .06()4 

9  -.0433  .2320 

71  1  -.0137  .0780 

2  -.0847  .4184 

3  .0564  .04  26 

4  .0562  .0283 

5  .0189  .0292 

6  -.0486  .0807 
8  -.4189  2. 0891 

72  1  -.0264  .0991 

2  -.0775  .3369 

3  .0615  .0399 

4  .0409  .0368 

5  .0469  .0196 

6  .0378  .0223 
8  -.5097  1.7529 


RESULTS  OF  STUDY 

Analysis  of  the  validation  runs  demonstrates  that  the  simulator  provides  reasonable  results 
for  rims  at  least  40  to  50  years  in  duration  (tliat  is,  8  to  10  ijrowth  perioils).   This  is 
fortunate  because  cutting  cycles  can  be  from  5  to  50  years  long,  and  the  metluHl  for  determining 
optimal  diameter  distribution  requires  good  estimates  of  the  future  stand  at  the  end  of  the 
cutting  cycle.   In  addition,  solving  the  optimal  conversion  strategy  problem  could  rec|uii-e 
simulation  runs  as  long  as  two  or  tiirce  cutting  cycle  lengths. 

The  final  equations  that  make  u]i  tlie  simulatoi-  are  found  in  table  20.   44u)se  e((uations 
incorporating  predicted  l^asal  area  growtli  as  an  independent  variable  (the  mortal  it\-  and 
through-growth  equations)  have  had  their  regression  coefficients  changed  to  adjust  l"or  the 
final  removal  of  the  log  bias  correction.   A  description  of  the  control  cards  for  the  simulator 
can  be  found  in  appendix  J. 
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Table  20. --Summary  of  final    equations   for  simulating   uneven-aged  stand  dynamics 
in  ponderosa   pine/Arizona   fescue  habitat    type 


BASAL  AREA  GROlVTll  EQUATIONS 

Average  Basal  Area  Growth 

Blackjack  pine 

Jn(BJBAG)  =  -8.51836897  +  1 . 16754330(in(D) )   -  4 . 00970143E-02 (D) 

-3.84298771E-03(LBA2)  -  7 . 15483662E-03 (MBAj)  -  1 . 58234269E-02 (UBA2) 
-3.26097273E-01(Ai*Jn(D))  +  8 . 80676713E-01 (A  3)  +  1.0(Jn(S)) 

BJBAG  =  EXP(in(BJBAG)) 

Yellow  pine 

in(YPBAG)  =  -15.2464932  +  4 . 276566S6(in(D) )  -  1 . S316162E-01 (D) 
-7.27361S67E-05(LBA2)2  -  9 . 11 165626E-04 (MBA2) ^ 
-2.41462106E-04(UBA2)2  -  1 . 05776062 (A j)  +  l.OilniS)) 

YPBAG  =  EXP(in(YPBAG)) 

Fast,  Moderate,  and  Slow  Basal  Area  Growths 
Blackjack  pine 

Fast  BJBAG  =  EXP  (0  .  56557130  +  0  .  12995917  (A2)  +  In(B.JBAG)) 
Moderate  BJBAG  =  EXP(0. 09120012  +  0. 12946423 (A2)  +  Jn(BJBAG)) 
Slow  BJBAG  =  EXP(-0. 65677142  -  0. 25942340(A2)  +  Jn(BJBAG)) 

Yellow  pine 

Fast  YPBAG  =  EXP (0. 70338067  +  0 . 7280557 (A  3)  +  in(YPBAG)) 
Moderate  YPBAG  =  EXP(0. 24266226  +  0 . 59168455 (A3)  +  in(YPBAG)) 
Slow  YPBAG  =  EXP(-0. 94604293  -  1 . 31974025 (A3)  +  In(YPBAG)) 

MORTALITY  EQUATIONS  --  Proportion  of  trees  dying  in  next  5-year  period 

-1 
PM  =  (1.0  +  EXP(-X)) 

Blackjack  pine 

X  =  -5.372649  +  1 . 270862E-03(d2)  -  12 . 96478 (Ai*BJBAG) 
Yellow  pine 

X  =  -3.612474  -  4.226903(YPBAG)  -  22 . 24186 (Ai*YPBAG)  +  5 . 597303E-04 (D^) 

CONVERSION  EQUATION  --  Proportion  of  blackjack  pine  converting  to  yellow  pine 

in  each  fourth  growth  period 

-1 
PC  =  (1.0+  EXP(-Y)) 

Y  =  -3.777269  +  0.5012605(D)  -  6. 597465E-03(d2)  -  0.0982176(S) 
UNEVEN-AGED  INGROWTH  EQUATIONS 
Total  Ingrowth 
TI  =  i5oS(BACLi)^l(1.0  +  BACL2)^2ExP(fo3BA^'*  +  ^5  (Ai*BA^'^) ) 


bQ    =   0.48630258 
ij  =   0.6594918 

b2   =  -0.49280582 


=  -5.97721395E-06 


bi,    =      2.7667388 

b5  =  -1.33299951E-06 


Tlirough-Growth  --  Proportion  of  total  ingrowth  growing  into  5-inch  diameter  class 
PT  =  (1.0  +  EXP(-2)) 

2  =  -2.636336  +  38 . 80808(BJBAG-4")  -  0. 03419626 (A) *TI) 


(continued) 


lable   20    (cont  iiuiclI  ) 


1  .  ^' 


Ingrowth  into  4- inch  diameter  class 

INC  =   Tini."    -  I'Tl 

In.urowth  into   S-iiich  diameter   class 

I.\G^,,  =   TI*rT 

HEIGHT   liQUATinNS 

Even-aged 

iL^  =  Mil  -  n.8801.S037tMll  -  4  .  T, )  (  1  .  0  -  -j^) 
II  Ml) 

Uneven -aged 

Hf,  =  Co  +  ci  •  b  -  •  e  - 

Co  =  4  .  3 

ci  =  13.178649 

a  2  =  0.71631003 

C5  -  -4221.6528 

DEFINITION  OF  VAIUABLFS 

BJBAG  =  Predicted  average  S-\'ear  basal  area  growth,  in  S(|uare  feet,  of  blackjack 
pine 

YPBAt^  =  Predicted  average  3-\'car  basal  area  growth,  in  sijuare  feet,  of  \-ellow 
p  i  n  e 

B,JBAG-4"  =  Predicted  average  S-year  basal  area  growth  in  the  4-inch  diaiiietei' 
class  of  blackjack  pine 

PM  =  Pro]iortion  of  trees  dying  in  the  next  3-\-ear  period 

PC  =  Pro]iortion  of  blackjack  pine  converting  to  \'ellow  pine  in  each 
fourth  growth  period 

TI  =  Total  ingrowth  for  uneven-aged  stands 

PT  =  Proportion  of  total  ingrowth  g.rowing  into  the  3-incli  diameter 
class  for  uneven-aged  stands 

INC   =  Ingrowth  into  the  4- inch  diameter  class  for  uneven-aged  stands 

4 

INC   =  Ingrowth  into  the  3- inch  diameter  class  i"or  inieven-.iged  stands 

11  =  Average  height  of  the  Dth  tliameter  class 

D  =  Diameter  class  size 

S  =  Minor's  (19i)4)  site  index 

MBAo  =  Basal  area  in  the  given  diameter  class  plus  the  two  ailjoining 
larger  and  smaller  diameter  classes 

EBA2  =  Total  liasal  area  below  the  smallest  diameter  class  in  MBA 

UBA2  =  Total  basal  area  above  the  largest  diameter  class  in  MBA 

B\   -   Total  basal  area 

=  MBA;,  +  kBA;  +  DBA;,  for  a  sjiecified  diameter  class 

BACL)  =  Basal  area  in  the  4-  through  d-inch  diameter  classes 

BACL2  =  Total  basal  area  above  the  6-inch  diameter  class 

Aj  =  -0.244178  +  1.244178*bXPf-(l.  176471  -  (1 .  0  1  0(i07*T  1  Ml,  I  '' ) 

A2  =  -0.095336  +  l.(l93336*EXP(-(  1.25  -  0 .  020833*4  IMl, )'' ) 

A,  =  -0.000203  +  1  .(lO()203*EXPf-(  1  .428371  -  0  .  023809 'IMMl,  )' 1 

TIME  =  Number  of  5-year  growth  periods  since  last  cutting 

DM  =  Maximum  diameter  class  si:e  that  an  even-ag.ed  stanil  has  achie\'ed  in  its  development 

Mil  =  Maximum  height  as  predicted  b>-  Minor's  |19()4|  oipiation 

=  S  -  1.4()03f.^  -  101  +  0.1559(.S)  (.'A  -  10) 

A  =  Breast  height  stand  age,  20;^A;^140 


CONCLUSIONS 

A  simulator  for  predicting  uneven-aged  stand  development  was  constructed  and  validated 
or  the  ponderosa  pine/Arizona  fescue  habitat  type  of  the  Southwest.   The  structure  and  dynamics 
if  the  simulator  make  it  potentially  useful  for  answering  even-  and  uneven-aged  management 
uestions.   Some  results  and  conclusions  formulated  during  the  construction  and  validation 
irocess  are: 

1.  The  distribution  of  number  of  trees  within  1-inch  diameter  classes  is  uniform. 

2.  Diameter  class  basal  area  growth  rates  of  even-  and  uneven-aged  stands  are  logically 
nterrelated  if  the  structure  of  within  stand  competition  is  incorporated  in  the  model. 

3.  No  reasonable  log  bias  correction  could  be  found  for  the  log  of  basal  area  growth 
quations  when  residuals  are  not  normally  distributed.   In  the  case  of  nonnormality,  the 
evelopment  of  a  calibrating  routine  is  recommended  as  an  alternative  to  a  log  bias  correction. 

4.  Even-  and  uneven-aged  endemic  mortality  rates  can  be  logically  interrelated  if  cata- 
troj-jhic  mortality  is  treated  in  a  fashion  similar  to  cutting  mortality. 

5.  The  ingrowth  component  is  the  weakest  link  in  the  simulator.   The  development  of  a 
egeneration ,  seedling,  and  sapling  component  is  highly  desirable. 

6.  The  use  of  the  chi-square  statistic  for  testing  "goodness-of-fit"  in  validation  is 
ighly  questionable. 

7.  The  use  of  regression  statistics  for  testing  "goodness-of-fit"  in  validation  did  not 
rove  to  be  very  valuable. 

8.  The  simulation  of  2.5-acre  subplot  values  followed  by  the  calculation  of  their  average 
o  obtain  mean  plot  values  produced  different  results  than  simulating  plot  averages  directly, 
•ecause  all  published  uneven-aged  stand  simulators  have  used  small  plots,  this  result  could 
rove  a  problem  for  those  interested  in  simulating  plot  averages.   For  the  simulator  developed 
n  this  study,  however,  analysis  also  revealed  that  the  difference  between  the  two  methods  was 
ot  too  severe. 
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APPENDIX  A 
DATA  PROBLEMS 

The  even-  and  uneven-aged  plots  used  in  this  study  provide  an  unusual  modeling  opportunity 
"or  western  species.   Unfortunately,  their  use  also  posed  numerous  modeling  problems: 

1.  Narrow  geographic  and  site  range. --All  of  the  uneven-aged  plots  are  situated  within  a 
quarc^  mile  tract,  and  the  even-aged  plots  are  about  1  mile  away.   The  uneven-aged  plots  have 

narrow  range  in  site  and,  because  of  this,  site  index  as  an  independent  variable  may  not  be 
ignificant  for  predictive  purposes.   In  addition,  the  even-aged  plots  have  an  average  site 
ndex  higher  than  uneven-aged  plots.   Ifliile  the  differences  in  site  index  may  be  insignificant 
'or  the  uneven-aged  plots,  the  difference  between  the  uneven-  and  even-aged  plots  may  well  be 
ignificant.   All  this  could  have  contributed  to  the  problems  encountered  while  trying  to 
ncorporate  site  index  in  the  various  component  models  of  the  simulator. 

Fortunately,  one  mitigating  factor  for  these  problems  is  that  all  the  plots  (both  even- 
nd  uneven-aged)  occur  on  the  same  habitat  type,  Pinus  ponderosa/Festuca  arizonica    (ponderosa 
iine/Ari::ona  fescue),  and  it  is  believed  that  the  plots  and  their  site  indices  are  representa- 
ive  of  the  type.   Therefore,  the  simulator  developed  in  this  study  is  probably  applicable  to 
hat  habitat  type,  at  least  in  northern  Arizona. 

2.  Changes  in  diameter  measurement  limits . --Ideally,  the  smaller  the  lower  diameter 
imit,  the  better.   Large,  lower  diameter  limits  ignore  too  much  of  the  stand  that  is  important 
n  understanding  and  modeling  stand  dynamics.   The  changing  of  lower  limits  on  the  Fort  Valley 
neven-aged  plots  caused  problems  and  raised  several  questions.   A  lower  diameter  limit  of  7.6 
nches  would  be  necessary  to  utilize  the  full-time  range  of  the  data.   This  would  provide  six 

o  nine  5-year  growth  periods  of  data  and  would  incorporate  cuttings  at  several  times.   It 
'ould,  however,  also  ignore  about  one  important  third  of  the  stand--all  trees  under  7.6 
nches . 

Conversely,  a  lower  diameter  limit  of  3.6  inches  would  restrict  the  data  to  only  the 
arly  time  periods.   This  would  provide  three  to  four  5-year  growth  periods,  but  it  would  also 
liminate  many  of  the  cuttings.   I  decided  to  use  only  the  early  data  because:  (a)  a  larger 
ortion  of  the  stand  would  be  modeled,  and  (b)  by  including  more  of  the  total  stand,  the 
ossibility  of  meeting  objective  number  2  would  be  increased. 

Because  of  the  lower  diameter  limit  of  3.6  inches  for  the  uneven-aged  stands,  all  data  on 
he  even-aged  plots  below  3.6  inches  were  ignored.   Several  plots  in  the  Taylor  Woods  study 
ave  many  small  trees  and,  as  a  result,  much  of  their  structure  was  eliminated.   A  greater 
lortion  of  the  number  of  trees  in  the  total  stand  is  usually  located  in  the  0.0-  to  3.5-inch 
lass  of  uneven-aged  stands  than  in  most  even-aged  stands,  with  the  exception  of  very  young 
•ven-aged  stands.   While  a  lower  diameter  limit  of  3.6  inches  is  an  improvement  over  7.6 
nches,  it  is  still  far  from  the  ideal  solution  of  modeling  the  total  stand. 

3.  Intrusion  upon  uneven-aged  plots. --Unfortunately,  a  major  paved  highway  runs  through 
licces  of  all  the  uneven-aged  plots,  and  this  could  affect  their  stand  dvnamics.   Not  only 
lould  these  disturbed  subplots  have  a  serious  "edge  effect,"  but  the  two  remaining  subplot 
lieces  would  not  have  the  same  competitive  interaction  as  occurs  on  the  undisturbed  subplots, 
"he  number  of  subplots  seriously  affected  by  the  highway  are  given  in  table  21. 
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4.   Variable  plot  sizes. --As  mentioned  earlier,  sizes  on  the  uneven-aged  sub]ih)ts  range 
from  0.5  to  3.1  acres  (table  21),  and  the  even-aged  plots  from  0.75  to  1.25  acres.   Curtis  aiul 
Pope"^  hypothesize  that  "small"  ]ilots  can  result  in  erratic  estimates  of  stand  attributes,  such 
as  basal  area,  because  of  within-stand  clumping.   As  a  result,  the  deviation  of  jilot  estimates 
of  growth  and  basal  areas  from  their  res]Tective  stand  means  will  be  correlated  and,  therefore, 
the  regression  of  diameter  class  growth  as  a  function  of  basal  area  will  also  reflect  pk)t 
size.   They  conclude  that  tliis  problem  would  not  produce  biased  results  if  tiie  regression 
equation  were  applied  to  inventory  plots  of  the  same  size  and  design,  and  if  t  Ik'  stantls  to 
which  they  arc  applied  had  similar  spatial  patterns.   Pvecognizing  that  these  conditii)ns  are 
seldom  met,  Curtis  and  Po]ie  suggested  that  the  problems  would  be  minimized  if  large  plots  were 
used  in  developing  growth  ecjuations. 

Plot  size  is  important  to  this  study  liccause  the  two  data  sets  (even-  and  uneven-aged) 
have  different  plot  sizes,  both  within  and  between  the  data  sets.   based  on  t  lu>  Curtis  and 
Pope  argument,  the  coefficients  for  the  "separate"  models  (even-  and  uneven-aged)  iiia\-  be  con- 
founded by  the  plot  size  differences,  making  a  statistical  combination  more  difficult.   To 
help  minimize  the  problem  with  the  uneven-aged  subphUs,  all  subplots  below  2  acres  were 
eliminated.   This  action,  coupled  with  tlie  realization  that  the  even-aged  plots  are  f  a  i  r  1  >• 
homogeneous  (because  of  stand  treatment)  and  good  sized,  miglit  reduce  tlie  problem  of  witlnn- 
stand  clustering  and  the  possibility  of  locating  a  subjilot  within  one  cluster  oi'   the  stand. 


^Curtis,  Robert  0.,  and  Rol)ert  B.  Pope.   1972.   Some  considerations  in  design  ol'  gri>wth 
studies  and  associated  inventories  of  tlie  western  National  Forests.   Draft  of  the  internal 
report.   USDA  For.  Serv.,  Pac  .  Northwest  For.  and  Range  Fxp.  Stn.,  Portland,  Oreg. 
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5.   No  height-growth  information  on  uneven-aged  plots. --The  lack  of  height -growth  data  on 
the  uneven-aged  plots  did  preclude  the  development  of  a  common  even-  and  uneven-aged  height- 
growth  model,  but  its  absence  was  not  critical  to  the  dynamics  of  the  basic  components  in  the 
simulator.   Because  some  uneven-aged  height-diameter  data  were  available  from  both  the  School 
of  Forestry  at  Northern  Arizona  University  and  the  Rocky  Mountain  Forest  and  Range  Experiment 
Station  at  Flagstaff,  1  decided  to  develop  separate  height-diameter  relationships  for  even- 
and  uneven-aged  stands.   While  height-diameter  relationships  are  not  ideal  substitutes  for  a 
height-growth  model  because  they  do  not  incorporate  the  effect  of  stand  density  upon  height, 
their  use  does  provide  a  means  of  assessing  product  potential. 

The  School  of  Forestry  data  came  from  student  class  measurements  of  1-acre  square  subplots 
made  on  plot  61  during  1964  and  1967.   The  Rocky  Mountain  Forest  and  Range  Experiment  Station 
data  came  from  one-time  measurements  on  selected  subplots  of  plots  71  and  72. 
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APPENDIX  B 
DISTRIBUTION  OF  TREES  WITHIN  A  DIAMETER  CLASS 

The  uniformity  of  tree  distribution  within  ;i  diameter  class  is  lil-ad)-  to  be  iiiflueneed  b>- 
tlie  combination  of  diameter  class  size  and  the  number  of  trees  in  tiie  diameter  class.   The 
fewer  the  number  of  trees  in  a  class,  the  more  difficult  it  would  be  to  prove  nonun  i  foi'iii  i  t  \- ; 
and  the  number  of  trees  in  a  class  is,  in  part,  determined  b>'  the  diameter  class  si;'-e. 
Therefore,  the  smaller  the  diameter  class  size,  the  higlier  the  pi-obability  tiiat  the  assumption 
of  uniformity  can  be  met. 

To  test  for  uniformity,  about  one-fourth  of  the  subplots  reserved  for  model  buildin;',  wei'e 
randoml}-  selected  from  both  the  uneven-  and  even-aged  plots.   All  apjilicable  measurement 
periods  on  the  selected  subjUots  were  examined,  and  those  1-inch  diameter  classes  with  five  or 
more  trees  in  them  were  then  chosen  for  testing. 

A  chi-scjuarc  "goodness-of -f it "  test  was  selected  because  it  is  ap]iropriate  for  testing 
the  distribution  of  a  discrete  random  variable  (the  number  of  trees  in  a  class).   I'oi'  diametc^r 
classes  with  five  to  nine  trees  in  them,  the  diameter  class  was  divided  into  five  e(iual  sub- 
classes, and  for  diameter  classes  with  10  or   more  trees,  the  number  of  subclasses  was  10. 
The  expected  number  of  trees  in  each  sul^class  was  computed  by  dividing  the  total  number  of 
trees  in  the  class  by  the  appropriate  niniiber  of  subclasses. 

The  decision  to  use  two  sizes  of  subclasses  was  based  on  the  suggestion  b_\-  Snedccor  aiul 
Cochran  (l!;)b7)  that  the  expected  value  in  any  subclass  should  be  greater  than  or  e(iual  to  one. 
Since  the  number  of  trees  in  a  diameter  class  is  usual  1\-  low  in  the  Southwest,  tiie  inclusion 
of  the  fivc-to-nine  size  group  spreads  the  testing  over  more  diameter  class  sizes.   For  example 
of  the  2,195  diameter  classes  with  trees  examined  in  this  phase,  1,481  had  less  than  five 
trees,  417  had  five  to  nine  trees,  and  the  remaining  297  diameter  classes  had  10  trees  or  more 
(table  22) . 

Table  22 . --Results   of   testing   within   diameter   class   distribution   for   each   plot    by   pum]>er  of 

trees   in   diameter   class 


Number  of  diameter  classes 


Plot  5  to  9  trees        10+  trees 

1  to  4  trees     Uniform     Nonuniform     Uniform     Noniuiiform 


61  499  147  1  39  2 

62  415  79  0  8  0 

71  257  98  0  94  2 

72  299  87  0  101  0 
Taylor  Woods  11        5 0      4  9  2 


Total  1,481  41()  1  291 


Testing  was  done  at  the  99  percent  level  of  significance  in  order  not  to  reject  the  null 
hypothesis  of  a  uniform  di striluit ion  unless  marked  deviations  were  found.   The  degrees  of 
freedom  for  tlie  test  were  computed  as  the  number  of  subclasses  minus  one  because  it  was  not 
necessary  to  estimate  distribution  parameters.   Results  of  the  tests  are  found  in  table  22. 

Of  the  714  diameter  classes  tested,  only  seven  were  not  uniformly  tl  i st r i but ed .   Whik'  it 
was  earlier  hypothesized  that  tb-e  within  diameter  class  distribution  might  depend  upon  number 
of  trees  in  tlie  class  and  perhaps  stand  structure,  the  ix-sults  indicate  that  these  i'actoi-s  are 
not  as  im]iortant  as  first  thought.   For  example,  on  the  even-agetl  plots  tested,  20  o\'   the  21 
diameter  classes  with  SO  or  more  trees  in  them  were  iniiformly  il  i  st  r  i  but  ed ,  indicating,  tiiat  the 
within  diameter  class  distribution  is  not  closely  correlatixl  with  the  number  of  trees  or 
structure  of  the  stand. 
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APPENDIX  C 

DEVELOPMENT  OF  DIAMETER  GROWTH  MODELS 

Prior  Findings 

Diameter  growth  is  influenced  by  several  factors  including  productivity.   A  measure  of 
productivity  is  site  index  (the  height  obtainable  by  free  growing  trees  at  a  base  age) . 
Minor's  (1964)  site  index  was  developed  for  even-aged  stands  in  northern  Arizona,  and  its  use 
is  recommended  for  the  area.^  The  application  of  site  index  to  uneven-aged  stands  is  compli- 
cated by  the  difficulty  of  finding  suitable  free  growing  site  trees.   This  complication  is 
reduced  to  some  extent  in  the  uneven-aged  stands  because  they  have  relatively  low  stocking 
levels;  however,  this  problem  still  causes  difficulties.   Another  problem  with  site  in  the 
study  area  is  the  previously  mentioned  narrow  range  of  site  indices  computed  for  the  plots, 
which  may  make  the  inclusion  of  a  meaningful  site  measure  difficult. 

Another  factor  related  to  productivity  that  also  influences  diameter  growth  is  rainfall. 
Fritts  and  others  (1965)  found  that  diameter  growth  in  southwestern  ponderosa  pine  is  influenced 
by  precipitation  and  temperature  of  the  autumn,  winter,  and  spring  prior  to  the  growth  period. 
Pearson  and  Wadsworth  (1941)  found  that  gross  5-year  volume  increment  appeared  to  be  related 
to  the  amount  of  precipitation  in  the  period.   Finally,  Pearson  (1956)  hypothesized  that  a 
fall  off  in  5-year  diameter  growth  in  the  second  period  after  thinning  was  due  to  lower  precipi- 
tation in  that  period. 

Total  stand  density  can  also  influence  diameter  growth.   For  uneven-aged  stands  in  the      | 
Southwest,  Krauch  (1940)  and  Pearson  (1950)  both  reported  that  a  reduction  in  stocking  through 
cutting  increased  diameter  growth.   After  evaluating  growth  in  young,  even-aged  clumps  of 
uneven-aged  stands.  Cooper  (1961)  found  that  average  tree  diameter  was  "...largely  determined 
by  stand  density."   For  even-aged  ponderosa  pine  stands  in  the  Southwest,  the  effect  of  density 
upon  growth  has  been  widely  reported  (Pearson  1936;  Hornibrook  1936;  Krauch  1949b;  Gaines  and 
Kotok  1954;  Cooper  1960;  Larson  and  Minor  1968;  Schubert  1971,  1974;  and  Myers  and  others 
1976).   In  all  cases,  an  increase  in  density  reduced  growth. 

The  correlation  of  diameter  class  size  with  growth  has  also  been  reported  in  the  Southwest. 
Some  have  found  that,  following  cutting  in  uneven-aged  stands,  diameter  growth  was  not  as 
closely  correlated  with  diameter  class  size  as  might  be  expected  (Pearson  1933,  1950;  Pearson 
and  Marsh  1935).   Others,  however,  have  found  that  diameter  growth  did  vary  markedly  between 
classes  in  cut  stands  (Krauch  1937)  and  in  uncut  stands  (Pearson  1950) .   For  even-aged  stands, 
both  Pearson  (1936)  and  Krauch  (1949a,  1949b)  reported  differences  in  average  diameter  growth 
between  diameter  classes. 

One  feature  mentioned  frequently  in  the  literature  is  the  difference  in  growth  rates 
between  "yellow"  pine  and  "blackjack"  pine.   In  all  cases,  diameter  growth  was  greater  in 
blackjack  pine  than  in  yellow  pine  (Pearson  1933,  1950;  Pearson  and  Marsh  1935;  and  Krauch 
1934,  1937). 

While  not  mentioned  specifically  in  the  literature  for  the  Southwest,  one  additional 
factor  that  does  affect  diameter  growth  is  the  position  of  the  diameter  class  in  the  stand 
(that  is,  how  much  competition  a  given  stand  receives  from  above  and  below  it).   A  measure  of 
this  type  can  be  thought  of  as  an  index  of  the  competitive  structure,  and  it  is  intimately 
related  to  stand  structure.   A  competitive  structure  index  might,  therefore,  explain  differences   i 
between  even-aged  and  uneven-aged  growth  rates.  Competitive  structure  was  one  of  the  critical 
factors  for  meeting  objective  number  two  of  this  study. 


^Personal  communication  with  Gilbert  H.  Schubert,  principal  silvilculturist  with  USDA  For. 
Serv.,  Rocky  Mountain  Forest  and  Range  Experiment  Station,  Flagstaff,  Ariz,;  retired. 
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General  Model  Form 

When  modeling  diameter  growth,  one  of  the  first  decisions  is  tlie  general  form  that  the 
model  should  take.   Tlic  three  most  common  forms  suggested  for  giowthi  modeling  are  the  i"ol  lowing: 

Y  =  h '  •  X  +  e  ( 1 J 

Y  =  f(a,x)  +  e  (2) 

Y  =  fib,x]    •  e  (3) 
where 

Y  =  the  dependent  growth  variable 

X  -   an  array  of  independent  variables  tJiat  may  themselves  be  functions  of  basic  growth 
factors 

a. ,    b  =   arrays  of  model  parameters  to  be  estimated  in  the  appro]")riatc  fashions 

f(,)      =   a  nonlinear  function 

e  =  a  random  error. 

Model  form  (1)  assumes  that  growth  is  a  linear,  additive  function  of  transformed  independent 
variables.   The  estimation  of  the  parameters  of  the  model  is  done  through  ordinary  least 
squares  regression  techniques.   Vuokila  (1965)  used  this  form  when  he  modeled  percent  diameter 
growth  of  individual  trees. 

Model  form  (2)  assumes  that  growth  is  a  nonlinear  function  of  the  independent  variables. 
Because  the  error  term,  e,  is  additive,  the  appropriate  technique  for  estimating  the  model 
parameters  is  nonlinear,  least  squares  regression  (Kmenta  1971). 

Model  form  (3)  differs  from  (2)  in  how  the  error  term  is  introduced.   In  model  (3),  the 
error  term  is  multiplicative  instead  of  additive.   This  allows  the  error  structure  model  to  be 
linearized  through  the  use  of  natural  logarithms.   For  this  model  form  to  work,  it  is  necessary 
that  the  parameters  [b]    of  the  nonlinear  function  can  also  be  linearized  through  the  log 
transforming  process.   The  resulting  model  is  of  the  form: 

in  (Y)  =  i?'  •  gM    +  e*  ^,^ 

where 

g(x)  =  an  array  of  appropriately  transformed  independent  variables  to  linearize  the 
parameters  of  the  the  function  f(b,x) 

e*  =  ln{c) 

If  these  assumptions  are  met,  then  estimation  of  the  parameters  in  model  (■1)  can  be  done 
by  ordinary  least  squares  regression  techniques.   Model  form  (4)  has  been  used  by  Lcmmon  and 
Schumacher  (1962)  to  model  individual  tree  periodic  radial  increment,  and  by  Cole  and  Stage 
(1972)  and  Stage  (1973)  to  model  individual  tree  periodic  basal  area  increment. 

Another  choice  faced  by  the  modeler  of  diameter  growth  is  the  form  of  the  dependent 
variable.   Following  arc  some  of  the  choices:  radial  growth,  diameter  growth,  basal  area 
growth,  or  any  of  the  previous  three  expressed  as  a  percentage.   Cole  and  Stage  (r.'72)  and 
Stage  (1973)  settled  upon  the  usage  of  basal  area  growth  for  two  reasons: 
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1.  Basal  area  growth  is  often  nearly  linear  over  short  time  periods,  and  this  makes 
xtrapolation  of  growth  rates  easier  for  growth  periods  different  from  that  originally  used  in 
quation  development. 

2.  The  log  of  basal  area  growth  is  often  found  to  be  more  normally  distributed  with 
omogcneous  variance  than  other  dependent  variables. 

The  latter  finding  may  also  indicate  that  the  residuals  of  the  log  of  basal  area  growth 
re  additive.   If  the  assumption  of  normality,  homogeneity  of  variance  and  additive,  indepen- 
ent  residuals  can  be  met,  then  the  ordinary  least  squares  estimators,  b,    are  the  maximum 
ikelihood  estimators  and  the  UMVUE's  (Uniformly  Minimum-Variance  Unbiased  Estimator),  and 
arious  procedures  for  testing  the  significance  of  the  model  and  its  parameters  can  be  validly 
pplied  (Kmenta  1971;  Draper  and  Smith  1966). 

Given  these  various  choices  of  model  forms  and  dependent  variables,  I  decided  that  the 
og  of  basal  area  growth  would  be  used  because: 

1.  Previous  experiences  with  modeling  diameter  growth  in  ponderosa  pine^  indicate  that  a 
onlinear,  multiplicative  model  best  represents  the  interaction  of  the  independent  variables 
ith  themselves  and  their  effect  upon  diameter  growth. 

2.  Cole  and  Stage  (1972)  and  Stage  (1973)  have  shown  that  basal  area  growth  is  often 
ognormally  distributed  with  a  multiplicative  error  term.   Tliis  fits  the  requirements  of  model 
3). 


The  Random  Error  Component 


The  two  approaches  for  handling  the  random  error  component  are  stochastic  modeling  and 
eterministic  modeling.   In  stochastic  modeling,  each  component  of  the  model  with  an  error 
lement  is  randomly  assigned  an  error  value  from  the  proper  distribution.   The  prediction  from 
his  component  is  then  modified  by  this  random  disturbance,  and  this  "randomized"  prediction 
nteracts  with  the  other  model  components  to  produce  a  randomized  estimate  from  the  model 
usually  with  an  unknown  error  structure).   This  process  is  then  repeated  a  number  of  times, 
ach  time  using  a  new  set  of  random  errors,  and  the  results  of  these  numerous  trials  can  be 
veraged  to  get  an  "expected"  model  estimate.   This  repetitive  stochastic  process  is  often 
ailed  a  "Monte  Carlo"  process.   One  disadvantage  of  this  approach  is  the  sometimes  large 
umber  of  computations  needed  to  find  the  "expected"  estimates. 

The  deterministic  approach  assigns  each  component  of  the  model  its  expected  value.   There 
s  no  random  element.   Each  component  interacts  with  other  components  in  the  appropriate 
ashion  to  produce  model  estimates.   The  advantage  of  deterministic  models  is  that  "expected" 
stimates  are  provided  directly. 

Stage  (1973)  describes  and  uses  a  method  in  his  prognosis  model  that  maintains  the  relative 
implicity  of  the  deterministic  approach  while  introducing  a  stochastic  element.   He  calls  the 
pproach  a  Monte  Carlo  "swindle."  He  says,  "The  purpose  is  to  produce  a  prognosis  that  over- 
11  is  the  result  of  averaging  many  replications  of  the  random  process  without  actually  having 
0  carry  out  the  replication."  The  random  clement  of  this  "swindle"  is  applied  to  the  log  of 
asal  area  growth  equations  in  one  of  two  ways.   The  particular  method  is  dependent  upon  the 
umber  of  trees  sampled  in  the  stand. 


David  W.  Hann.  Diameter  growth  equations  developed  for  Mora  County,  New  Mexico,  and  the 
lack  Hills,  South  Dakota,  inventories,  on  file  with  the  Forest  and  Range  Resources  Evaluation 
reject,  USDA  Forest  Service,  Intermountain  Forest  and  Range  Experiment  Station,  Ogden,  Utah. 
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1-or  large  samples,  Stage  randomly  pieks  a  deviate  frem  the  luirmal  distribution  ot"  t  he 
•csiduals  about  the  log  of  basal  area  growtii  regression  e(|uation  and  adds  it  to  t  Ik-  ostiiiiate 
if  log  of  basal  area  growth.   The  underlying  assumption  is  that,  with  a  large  sainplo,  the 
•ffects  of  the  individual  random  deviations  will  average  out  over  the  stand. 

For  small  samiUes,  each  sample  tree  record  is  divided  into  three  sainpk-  tree  records, 
'he  number  of  trees  in  each  record  is  a  fixed  proportion  of  the  original  number  of  t  I'ees 
■epresented  b\'  the  old  sample  tree  record.   The  proportion  breakdown  Stage  used  was  If-.,  dO, 
iid  25  percent,  based  on  previous  findings  that  an  average  stand  iiad  IS  perccMit  sujipressed 
rees  and  25  percent  dominant  trees.-   Hach  of  the  new  sample  tree  records  is  assigned  a 
;rowth  rate  computed  by  taking  tlie  average  growth  rate  (as  predicted  by  the  log  liasal  area 
.rowth  eciuations)  and  adding  a  random  component.   For  the  25  percent  dominant  trees,  the 
•andom  component  is  the  expected  residual  value  of  the  largest  25  percent  of  the  normally 
istributed  residuals  about  regression;  for  the  15  percent  su[ipresscd  trees,  it  is  the  expected 
■esidual  value  of  the  lowest  15  percent  of  tiie  normally  distributed  residuals,  and  similarly 
'or  the  middle  trees.   As  a  result,  the  weighted  log  of  basal  area  growth  still  sums  to  the 
verage  log  of  basal  area  growth,  as  predicted  by  the  equation.   At  each  simulation  period, 
lie  sample  tree  records  are  split  again  until  enough  sample  trees  exist  so  that  the  first 
letluxl  can  be  used. 


Certain  aspects  of  the  second  method  seem  applicable  to  this  study.   Within  a  diameter 
lass,  individual  tree  growth  could  be  quite  variable.   By  using  only  average  diameter  growt 
11  trees  in  the  class  will  be  assigned  the  same  growth  rate  and,  therefore,  advancement  to 
arger  diameter  classes  will  be  identical.   If,  however,  the  number  of  trees  in  a  diameter 
lass  v\;ere  divided  into  thirds  (each  third  representing  the  fast,  slow,  and  moderate  growers 
hen  a  separate  growth  rate  could  be  assigned  each  third  in  the  same  fashion  as  used  by  Stag 
f  tlie  three  growtli  rates  differed  enough,  this  would  then  allow  the  trees  in  a  diameter  cla 
o  move  into  a  wider  range  of  larger  diameter  classes.   If  the  distribution  of  residuals 
emains  constant  over  time,  this  approach  should  provide  a  more  realistic  estimate  of  the 
umber  of  trees  changing  diameter  classes.   Thirds  were  used  in  this  study  instead  of  Stage' 
roportions  because  tlie  pro]wrtion  of  suppressed  and  dominant  trees  for  southwestern  pondero 
ine  is  unknown. 
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Definition  of  Independent  and  Dependent  Variables 

The  previously  discussed  factors  influencing  diameter  growth  include  diameter  class  size, 
iroductivity ,  rainfall,  total  stand  density,  vigor,  and  position  of  the  diameter  class  within 
he  stand. 

Over  diameter  class  size  (L'j  ,  it  is  expected  that  iiasal  area  growth  will  climli  to  some 
leak  value  and  then  drop  off.   Where  and  at  what  magnitude  the  peak  will  occur  is  unknown. 
Ine  function  that  would  allow  a  wide  range  of  peaking  forms  is  the  Weibull  function.   The 
'eibull  function  can  be  expressed  as  (Bailey  and  Dell  1975): 


b     b 
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,  where  b   and  c  are  parameters 


y  =  ^  x^-^  .  EXP 


1 

c 

X 

r- 

b 

^Bascd  on  a  presentation  given  by  Albert  R.  Stage,  principal  mensurat ion i st  with  the 
ntermountain  Forest  and  Range  Experiment  Station,  IISDA  Fiirest  Service,  in  a  spring  l'.)7C) 
raduatc  seminar  at  the  University  of  Washington. 


Linearizing  this  function  gives: 


Generalizing  this  function  further  to  provide  for  an  even  wider  range  of  potential  model  forms: 

in(y)  =   Lq    +   biln   x   +  b2X    ,      i>2<0 

Therefore,  the  inclusion  of  In(D)  and  D'^  in  the  log  of  basal  area  growth  model  would 
allow  for  a  wider  range  of  "peaking"  functions.   The  values  of  c  chosen  were  1,  1.5,  2,  2.5, 
3,  3.5,  and  4.   These  values  cover  a  wide  range  of  forms  from  the  Weibull  function  (Bailey  and 
Dell  1973). 

The  measure  of  productivity  in  this  study  is  Minor's  (1964)  site  index.   It  is  expected 
that,  when  site  index  (S)  is  zero,  growth  would  be  zero,  and,  as  site  increases,  growth  would 
also  increase.   To  model  this  effect,  the  proposed  independent  variable  is  the  log  of  site 
index,  in  other  words,  ln{S) .      This  choice  of  independent  variable  is  supported  by  the  findings 
of  Cole  and  Stage  (1972). 

Because  of  the  findings  of  Fritts  and  others  (1965)  and  Pearson  and  Wadsworth  (1941),  I 
decided  to  express  precipitation  in  two  fashions:  average  annual  5-year  growth  period  rainfall 
(GRF) ,  and  average  annual  5-year  rainfall  (ARF) .   Growth  period  rainfall  is  defined  as  the 
rain  that  fell  in  the  interval  from  September  through  May  previous  to  the  given  growing  period. 
Based  on  a  reasoning  similar  to  that  for  site  index,  I  decided  that  the  log  of  GRF  and  the  log 
of  ARF  were  the  appropriate  independent  variables. 

There  are  several  different  expressions  of  total  stand  density,  including  the  following: 
total  stand  basal  area  per  acre  (BA) ,  total  number  of  trees  per  acre  (T) ,  and  crown  competition 
factor  (CCF)  (Larson  and  Minor  1968).   In  all  cases,  growth  should  maximize  when  the  stand 
density  values  are  near  zero,  and  growth  should  decline  as  the  values  increase.   An  appropriate 
form  for  modeling  this  behavior  is: 

,  d 
y   =  b^e 

where 

y  =  predicted  growth 

X  =   measure  of  stand  density 

jbo>  i'l  =  model  parameters 

d  =  a  power  on  x 

Linearizing  this  form  produces  the  following  independent  variables:  BA  ,  T  ,  and  CCF  . 
Three  potentially  suitable  values  of  d   are  2,  3,  and  4  (d   could  take  on  any  positive  value). 
These  particular  values  were  chosen  because  any  one  of  them  would  provide  for  a  slow  decline 
in  y  when  x   is  near  zero,  wliich  is  also  an  expected  effect  (that  is,  low  stand  densities 
will  not  influence  growth). 

The  vigor  differences  between  blackjack  pine  and  yellow  pine  were  handled  by  simply 
modeling  each  of  them  separately. 
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Tlic  filial  class  of  independent  variables  is  tluise  indieatini;  the  [•n)siti()n  of  t  lu-  dianietei" 
class  within  the  stand.   For  this  purpose.  Stage  (PJV.S)  developed  tlie  independt'nt  variahlr 
"percentile  in  the  basal  area  distribution"  (PCT).   Stage  dei'ined  this  varialile  as  Xhv   basal 
area  in  all  trees  etpial  to  or  smaller  in  diameter  than  a  given  t  r.,  <.■ ,  dividi-d  b>'  tol;.l  stand 
basai  area.   In  this  study,  PCT  was  defined  in  a  similar  fasliion,  substituting  "diruiieter 
class"  for  "tree."   Transforms  of  this  variable  include  the  following:  InWC'l],    VCl'    (Stage 

1975)  ,  and  PCT". 

Another  "position"  variable  that  Cole  and  Stage  (1972)  and  Stage  (l'J7.S)  have  used  is 
diameter  of  tlie  tree  divided  by  the  diameter  of  the  tree  of  mean  basal  ari^a  (DCP).   This 
independent  variable  can  also  adapt  to  tlic  diameter  class  situation  by  dividing  diametLU-  class 
si:c  by  tne  diameter  of  the  tree  of  mean  basal  area.   Potentially,  useful  transforms  of  this 
variable  include  DCP  and  J;7(DCP). 

The  final  method  of  representing  the  position  of  the  diameter  class  witliin  tlie  staml 
consists  of  separating  total  stand  basal  area  into  three  comjioiient  s .   The  middle  basal  area 
component  is  defined  as  tliat  falling  in  a  'specified  diameter  class  (MBAj  )  ;  or  within  the 
specified  diameter  class  plus  the  adjoining  larger  and  smaller  diameter  classes,  if  they 
exist  (MBAo) ;  or  within  the  specified  diameter  class  plus  the  adjoining  two  larger  and  two 
smaller  diameter  classes,  if  tlie\-  exist  (MBA-v).   Tlie  lower  basal  area  comiionent  (id5Ai,  PBA  -  , 
or  LBA3)  is  tlie  total  basal  area  existing  below  the  smallest  diameter  class  in  MBA.,  ap.d  the 

upper  basal  area  comjionent  (IJBA],  UBAo ,  or  IIBA3J  is  the  total  basal  area  existing  above  the 
largest  diameter  class  in  MBA.. 

In  this  fashion,  three  sets  containing  three  independent  varia|-)les  were  derived:  LBAj, 
MBAi,  and  UBAj ;  LBA2 ,  MBAo ,  and  UBAo;  and  IBA3 ,  MBA3,  and  UBA..   Tliese  variables  should  behave 
in  the  same  fashion  as  the  total  stand  density  variables,  and  therefore  the  only  additional 
transformation  used  was  to  also  stjuare  cacli  value.   This  resulted  in  six  sets,  each  containing 
three  independent  varial)les.   For  convenience,  the  definition  of  all  independent  variables  and 
their  abbreviations  can  be  found  in  table  2.S. 

Due  to  the  desire  to  divide  the  residuals  about  the  final  models  into  fast,  average,  antl 
slow  growers,  the  ajipropriate  dependent  variable  is  the  log  of  Ixisal  area  growtli  for  each 
tree.   Wliile  the  dependent  variable  is  an  individtial  tree  value,  it  must  be  remembered  that 
all  indejiendent  varialiles  are  based  only  on  diameter  class  information. 

Development  of  Equations 

Equations  were  developed  for  lioth  blackjack  pine  and  yellow  jiine  using  tlie  least  square 
regression  program  RFX  [Grosenbaugli  1907).   RFX  is  a  powerful  screening  tool  because  it  is 
designed  to  fit  all  combinations  of  indejiendent  variables  following  specified  comb  i  na  t  (ir  ia  1 
rules.   The  screetiing  statistic  used  is  the  relative  mean  square  residual  (RMSQRl  ,  whicli  is 
defined  as  the  mean  square  error  about  regression  divided  by  the  variance  of  the  depen^lent 
variable.   Therefore,  a  perfect  fit  results  in  an  RMSQR  value  of  zero,  wtiile  an  RMSQR  value  of 
one  would  indicate  tliat  tlie  regression  equation  is  no  better  at  reducing  sciuared  residuals 
about  regression  than  a  simple  mean.   Tlie  advantage  of  tlie  RMS{jl^  over  the  more  commonly  used 
coefficient  of  determination  fR*^)  is  that  the  former  reflects  the  reduction  in  tlie  degrees  of 
freedom  caused  by  adding  anotlier  independent  variable.   Tlierefore,  it  is  easier  to  compare 
models  with  a  different  number  of  indejiendent  variables. 
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Table  23. --Definition   of  independent   variables   and  abbreviations 


Abbreviation 


Independent  variable 


D 
S 

GRF 

ARF 

BA 

CCF 

T 

PCT 

DCP 

LBAi 

MBAi 

UBAi 

LBA2 

MBA2 

UBA2 

LBA3 

MBA  3 

UBA3 

TIME 


Diameter  class  size  (e.g.,    for  the  diameter  class  8.6  to  9.5,  D  =  9) 

Site  index 

Average  annual  5-year  growth  period  rainfall 

Average  annual  5-year  rainfall 

Total  stand  basal  area  per  acre 

Croi\m  competition  factor 

Total  number  of  trees  per  acre 

Percentile  in  the  basal  area  distribution 

Diameter  class  size  divided  by  the  diameter  of  mean  basal  area 

Total  basal  area  under  a  given  diameter  class 

Total  basal  area  in  a  given  diameter  class 

Total  basal  area  over  a  given  diameter  class 

Total  basal  area  under  (a  given  diameter  class  -  1) 

Total  basal  area  in  (a  given  diameter  class  +  1) 

Total  basal  area  over  (a  given  diameter  class  +  1) 

Total  basal  area  under  (a  given  diameter  class  -  2) 

Total  basal  area  in  (a  given  diameter  class  +  2) 

Total  basal  area  over  (a  given  diameter  class  +  2) 

Number  of  5-year  periods  since  last  cutting 


The  first  set  of  screening  runs  was  made  on  the  separate  plots  (61,  62,  71,  72,  and 
Taylor  Woods  separately)  with  the  purpose  of  identifying  those  independent  variables  most 
highly  correlated  with  the  log  of  basal  area  growth,  and  eliminating  those  independent  variables 
that  proved  to  be  poor(er)  predictors.  To  do  this,  the  independent  variables  were  classified 
into  sets,  and  then  each  set  was  placed  in  a  group  (table  24).   A  set  is  defined  as  one  or 
more  independent  variables  such  that,  when  chosen  by  combinatorial  rules,  all  independent 
variables  in  the  set  are  included  (or  excluded  when  not  chosen).   The  only  sets  containing 
more  than  one  independent  variable  were  those  formed  with  the  three  independent  variables 
LBA . ,  MBA.,  and  UBA.,  or  their  squares. 
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-Definition   of   independent    variables ,    groups   and   sots    for    t/)e    individual    plot    loq 
of  basal    area   growth   screening   runs 


Cirouii  Set 

luimber  number 


Vjr i  ah  1 e 


1  1  1  in(l)) 

2  2  11) 

3  2  L)'-^^ 

4  3  L)'- 

5  4  1)?.  '- 
b  5  1)^ 

7  6  1)3.  ^> 

8  7  n'' 

9  3  1  J/ilARl-l 
1'1  2  i/)((;Rl-) 

11  4  1  BA-' 

12  2  BA^ 

13  3  BA'* 

14  4  CCF? 

15  5  CCl-3 
lb  6  CCF'* 

17  7  T2 

18  8  T^ 

19  9  t'+ 

20  5  1  in fPCT) 

21  2  PCT, 

22  3  PCT-' 

25  4  in(l)CI'j 

24  5  ncp 

25  6  LBAj 
2b  MBAi 

27  UBA, 

28  7  (LBAjl? 

29  (MBAf)? 

50  (UBA])  2 

51  8  LEA;. 

52  MBA;- 
55  IJBAo 

54  9  (LBA;,)^ 

55  (MBAp)? 

56  (IJBAo)? 

57  10  LBA^' 

58  MBA  3 

59  UBA 3 

40  11  (LBA3:)2 

41  (MBA^)- 

42  (UBA.)^ 
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A  group  contains  one  or  more  sets.   The  five  groups  in  these  screening  runs  were  established 
on  the  following  criteria:  group  1  contained  the  single  variable,  IniD);    group  2  consisted  of 
the  seven  powers  on  D;  group  3  was  the  two  rainfall  variables;  group  4  was  the  total  stand 
density  variables;  and  group  5  was  the  position  in  diameter  class  sets.   Site  index  was  not 
included  in  these  runs  because  the  difference  between  the  site  index  values  on  each  half  plot 
was  probably  too  small  to  prove  significant  in  modeling.   Program  REX  was  then  set  up  to 
tabulate  the  RMSQR  values  of  all  regression  equations  formed  by  choosing,  at  most,  one  set 
from  each  group. 

From  these  screening  runs,  12  blackjack  and  yellow  pine  equations  were  selected  and  the 
regression  coefficients  determined.   These  coefficients  were  next  examined  for  reasonableness 
of  behavior  and  for  consistency  of  performance  between  plots.   In  addition,  the  model  with  the 
lowest  RMSQR  was  picked  for  each  plot  and  the  residuals  of  these  models  were  checked  for 
normality.   To  do  this,  skewness  and  kurtosis  statistics  were  computed  using  formulas  found  in 
Kendall  and  Stuart  (1977).   From  this  examination,  I  concluded  that  the  residuals  are  not 
normally  distributed,  that  they  are  highly  skewed,  and  are  leptokurtic  (Kendall  and  Stuart 
1977).   One  consequence  of  the  lack  of  normality  is  that  all  of  the  usual  significance  tests 
that  could  be  made  on  regression  results  are  not  applicable. 

Another  problem  that  made  testing  difficult  or  impossible  was  the  lack  of  data  range  and 
overlap  between  the  different  stand  conditions.   The  site  index  of  the  even-aged  plots  was 
larger  than  the  uneven-aged  plots;  the  stand  structures  were  obviously  different;  and  the  even- 
aged  plots  covered  only  a  narrow  range  of  diameter  classes.   For  the  uneven-aged  stands,  the 
managed  and  virgin  plots  differed  in  stand  structure  due  to  cutting.   If  legitimate  tests  were 
available,  a  test  indicating  significant  differences  in  the  models  of  each  stand  condition 
might  be  due  to  the  data  being  truly  incompatible,  or  merely  that  the  the  data  are  complementary 
Because  of  these  problems,  I  concluded  that  testing  to  see  if  individual  data  sets  could  be 
pooled  was  not  practical. 

The  main  question  was  whether  the  even-aged  and  uneven-aged  data  sets  could  be  combined 
for  blackjack  pine.   To  answer  this  without  testing,  it  was  decided  to  develop  two  blackjack 
pine  equations:  one  with  the  even-aged  data,  and  one  without.   Both  of  these  could  then  be 
evaluated  as  to  their  predictive  capability. 

A  second  set  of  screening  runs  was  then  made  with  the  plots  combined  as  such:  for  both 
blackjack  pine  and  yellow  pine,  the  virgin,  uneven-aged  plots  (61  and  62)  were  combined;  and 
the  cut,  uneven-aged  plots  were  combined  (71  and  72).   In  addition,  another  set  of  blackjack 
pine  data  was  created  by  combining  the  Taylor  Woods  even-aged  data  with  the  cut,  uneven-aged 
data.   From  the  findings  of  the  first  screening,  the  independent  variables  T,  PCT,  and  DCP 
(and  their  transformations)  were  eliminated.   Site  index  (S)  was  added  as  another  group. 

The  results  of  this  second  set  of  screening  runs  were  examined,  and  11  blackjack  pine  and 
4  yellow  pine  equations  were  selected  and  the  regression  coefficients  determined.   As  before, 
these  coefficients  were  also  checked  for  reasonableness  of  behavior  and  for  consistency  of 
performance  between  data  sets.   For  blackjack  pine,  those  independent  variables  that  both 
behaved  reasonably  and  minimized  RMSQR  were  IniD)  ,    D,  -Zn(S),  Jn(GRF),  LBA2,  MBA2,  and  UBA2 . 
For  yellow  pine,  the  independent  variables  included  in(D),  D,  Jn(S),  Ir!(GRF),  (LBA2)2,  (MBA2)2, 
and  (UBA2)^.   The  independent  variable  of  In(S)  was  inconsistent  for  blackjack  pine  and 
unreasonable  for  yellow  pine.   It  was  included,  however,  because  of  the  desire  to  develop  a 
simulator  applicable  for  the  range  of  site  indices  found  in  the  habitat  ty-pe .   The  problems 
with  site  index  persisted  throughout  the  analysis  and  finally  necessitated  special  handling, 
which  will  be  discussed  later. 
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The  differences  in  the  size  of  coefficients  l)etween  the  uncut  and  cut  data  sets  were  then 
modeled  as  a  function  of  t iine-s  ince- last-cutt  ing  (TIMI:),  expresseil  as  tlie  number  of  .S-year 
intervals  since  the  last  cutting.   The  uncut  virgin  data  sets  were  given  a  value  of  (>()  (or  300 
years).   1  hx'jiotliesized  that  tlie  transition  from  "cut"  regression  coefficients  to  "uncut" 
regression  coefficients  would  be  along  a  smooth  path,  and  therefore  three  signioidal  curve 
forms  were  developed  using  MATCllACURVIi  technicjues  (Jensen  and  llomeyer  1970).   All  thi'ee  curves 
are  zero  when  TIME  is  zero  and  one  when  TIME  equals  60.   The  differences  in  tlie  three  curves 
are  their  forms  (fig.  9),  and  they  were  chosen  more  or  less  subjectively.   Because  the  TIMli 
data  fell  at  both  extremes,  I  felt  that  a  more  objective  approach  was  not  possible.   Tlie  three 
equations  are: 


A.  = 
A,  = 


-0.244178  +  1.244178*EX1'(-(1  .176471  -  0.  019607*TIM1-.)  ^  ) 
-0.095536  +  1  .095556*EXP(-(1.25  -  0.  020833*TIME) "+) 
-0.000205  +  1.000203*EXP(-(1 .428571  -  0. 023809*T1ME)  ^0 


where 


TIME  =  time-since-last-cutting  expressed  in  number  of  5-year  growth  periods 


20  30  40  50 

Time    Since    Cutting    in    Five  Year    Growth    Periods 
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Figure  9. --Time-since-last-cutt ing  sigmoidal  curves. 
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Using  these  time-since-last-cutting  variables,  a  third  set  of  screening  runs  was  made  to 
combine  all  data  sets  for  each  "vigor"  class.   Again,  blackjack  pine  had  two  data  sets;  one 
with  Taylor  Woods  data  and  one  without.   Table  25  lists  the  independent  variables  and  how  they 
were  grouped.  The  runs  were  set  up  so  that  the  basic  independent  variables  from  the  previous 
step  were  forced  into  all  equations.   The  screening  then  picked,  at  most,  one  independent 
variable  from  each  of  the  remaining  groups.   These  groups  were  formed  by  multiplying  the  three 
sigmoidal  curves  (A^ ,  A2,  A3)  by  all  the  independent  variables  except  In  (S)  and  Jn(GRF]. 
For  those  independent  variables  in  which  a  time-since-last-cutting  variable  is  also  picked,  the 
effect  is  to  provide  for  a  change  to  the  regression  coefficient  of  that  independent  variable 
as  time-since-last-cutting  changes. 


Table  2S . --Definition   of  independent  variables ,    groups   and  sets   for   combined  plot,    log  of  basal 

area    growth   screening  runs 

Variable  Group                  Set                     ■  ki  1 

number number number 

1  1  in(D) 

2  D 

3  LBA2  or  (LBA2)2 

4  MBA2  or  (MBA2)2 

5  UBA2  or  (UBA2)^ 

6  Jn(S) 

7  in(GRF) 

8  11  Aiin(D) 

9  2  A2in(D) 

10  3  A3in(D) 

11  2  1  AiD 

12  2  A2D 

13  3  A3D 

14  3  1  A1LBA2  or  AiCLBA2)2 

15  2  A2LBA2  or  A2(LBA2)2 

It  -7  A   r  r,A     A   /-T  D  A   -,  ? 


16  3 

17  4  1 


A2LBA2  or  A2(,LBA2J^ 

A3LBA2  or  A3(LBA2)2 

A1MBA2  or  Ai(MBA2)2 

A_MRA-  r^-^  A-rMHA_~l2 


18  2  A2MBA2  or  A2(MBA2)- 

19  5  A3MBA2  or  A3(MBA2)2 

20  5  1  ■  •■"•  '     ■  ^ 

21  2 


A1UBA2  or  Ai(UBA2)2 
A2UBA2  or  A2(UBA2)2 
A3UBA2  or  A3(UBA2)2 


22  5  A3UBA2  or  A3(UBA2J2 

23  6  1  Ai 

24  2  A2 

25  3  A3 

^In  those  cases  where  two  variables  are  given,  the  first  is  for  blackjack  pine  and  second 
is  for  yellow  pine. 

The  most  promising  equations  from  these  runs  were  selected  and  the  regression  coefficients 
determined.   Analysis  of  these  coefficients  showed  that  the  coefficients  on  in[S)  were  not 
reasonable  (that  is,  they  were  negative)  for  yellow  pine  and  for  blackjack  pine  with  the 
uneven-aged  data  set  alone  (plots  61,  62,  71,  and  72),  and  that  the  coefficient  on  Jn(GRF)  was 
not  reasonable  for  blackjack  pine  with  the  uneven-  and  even-aged  data  sets  combined.   These 
runs  also  indicated  that  a  high  degree  of  multicollinearity  existed. 
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Multicollinearity  and  Ridge  Regression 

Mult  icol  1  inear  i  ty  results  whcMi  one  independent  variable  is  h\L;lily  eorrelated  with  anotlier, 
)r  with  a  linear  combination  of  other  independent  varialiles.   While  the  model  is  still  an 
mbiased  estimator,  tlie  effect  of  multicollinearity  is  to  jiroduee  hij^hly  im|irecise  estimates 
)f  each  regression  coefficient  (Kmenta  1971).   This  high  degree  of  i  mprec  i  seness  is  (.hie  to  the 
lult  icol  1  inearity  between  independent  variables  causing  the  coi-rclation  matrix  to  approach 
;ingularity  (Farrer  and  Glauber  19o7).   One  possible  effect  is  that  some  of  the  regression 
:ocfficients  may  be  of  the  wrong  sign  from  what  was  expected  (lloerl  and  Keiinard  l'.)7{)a,  197()b). 

One  method  used  for  reducing  multicollinearity  effects  is  ridge  regression.   This  sacrifices 
inbiasness  to  obtain  estimates  that,  when  compared  to  their  unbiased  least  squares  counter- 
)arts,  are  often  interpretable  and  have  a  smaller  mean  square  error.   In  terms  of  solving  for 
he  standardized  regression  coefficients,*^'  the  method  consists  of  adding  a  small  constant 
'alue,  K,  to  the  diagonal  elements  of  the  correlation  matrix  and  then  solving  in  the  usual 
lanner  for  the  regression  coefficients.   When  K  is  zero,  the  ordinary  least  squares  regression 
'Stimatcs  result.   While  K  can  be  any  positive  value,  it  usually  lies  between  zero  and  one. 
dso,  the  larger  tlie  value  of  K,  tlie  larger  the  bias.   Details  of  ridge  regression  can  be 
■ound  in  lloerl  and  Kennard  (197na,  197()b)  ,  Brown  and  Beattie  (1975J,  Marcjuardt  and  Snee  (197.S), 
)r  Hocking  (1976) . 

Numerous  methods  have  been  proposed  for  determining  which  value  of  K  is  "best";  Hocking 
197b)  summarizes  these  methods.   One  technique  common  to  many  of  these  methods  is  the  devel- 
ipment  of  a  ridge  trace,  which  was  first  proposed  by  lloerl  and  Kennard  (1970a,  ]97()b).  The 
•idge  trace  is  usually  a  plot  of  the  resulting  standardized  regression  coefficients  over  a 
•ange  of  their  respective  K  values,  usually  from  zero  to  one.   Using  the  ridge  trace,  lloerl 
md  Kennard  (1970a)  suggested  four  items  to  consider  when  deciding  upon  a  value  of  K: 

1.  At  a  certain  value  of  K,  the  system  will  stabilize  and  have  the  general  characteristics 
if  an  orthogonal  system. 

2.  Coefficients  will  not  have  unreasonable  absolute  values  with  respect  to  the  factors 
"or  which  they  represent  rates  of  changes. 

3.  Coefficients  with  apjiarentl}'  incorrect  signs  at  K  =  0  will  have  changed  to  have  the 
)roper  sign. 

4.  The  residual  sum  of  scjuares  will  not  have  been  inflated  to  an  unreasonable  value.   It 
/ill  not  be  large  relative  to  the  minimum  residual  sum  of  squares  or  large  relative  to  what 
/ould  be  a  reasonable  variance  for  the  process  generating  the  data. 

Because  of  the  high  degree  of  multicollinearity  in  the  data  and  of  the  unreasonable  signs 
in  some  of  the  independent  variables,  I  decided  to  try  ridge  regression  to  determine  if  it 
:ould  improve  the  estimates  of  the  regression  coefficients.   I  wrote  a  program  to  compute 
•egular  and  standardized  regression  coefficients  for  K  values  ranging  from  zero  to  0.95  in 
ntervals  of  0.05.   These  values  could  tlien  be  plotted  to  produce  the  ridge  trace. 


^Standarizcd  regression  in  coefficients,  b  .* ,    and  normal  regression  coefficients,  b.,    are 
elated  in  the  following  manner: 


s 

b.  =  -^  •  b: 

IS  1 

X  . 

1 


;herc 


s   =  the  variance  of  the  dependent  variable. 

y 

s      =   the  variance  of  the  ith  independent  variable 

X 


1 


(.1 


The  results  for  yellow  pine  indicated  that  most  of  the  independent  variables  were  stable. 
Two  exceptions  are  the  independent  variables  D  and  Jn(D) .   Their  behavior  was  common  to  all 
data  sets  and  to  all  models,  and  was  expected  because  of  the  high  correlation  between  the  two. 
Disappointingly,  ridge  regression  did  not  change  the  sign  on  ln(S) .      For  blackjack  pine  fitted 
to  the  uneven-aged  data  alone,  the  results  were  similar.   The  sign  of  in(S)  did  not  change, 
and  the  four  independent  variables  involving  D  all  showed  instability.   This  last  was  the 
most  notable  feature  of  the  ridge  trace  for  blackjack  pine  fitted  to  both  the  even-  and  uneven - 
aged  data  sets. 

Because  of  the  desire  to  have  a  model  that  was  applicable  over  the  range  of  site  indices 
found  in  the  habitat  type,  the  results  of  the  ridge  regression  runs  were  unacceptable.   I 
decided,  therefore,  to  force  a  reasonable  value  of  In(S)  on  the  models,  which  was  done  by 
fitting  a  new  dependent  variable  of  Jn(BAG/S).   This  has  the  same  effect  as  forcing  the 
independent  ln{S)    onto  the  log  of  basal  area  growth  model  with  a  regression  coefficient  of 
one.   The  choice  of  one  as  the  regression  coefficient  was  made  because,  fixing  other  factors, 
growth  increased  in  direct  proportion  to  an  increase  in  site  index  (W.  H.  Meyer  1938;  Larson 
and  Minor  1968;  Ek  1974;  and  Myers  and  others  1976). 

Given  this  new  dependent  variable,  a  final  set  of  screening  runs  was  made  utilizing  the 
same  strategy  as  that  used  for  the  third  set.   Promising  models  were  chosen  from  these  runs 
and  additional  runs  were  made  to  determine  their  regression  coefficients.   Ridge  regression 
was  then  used  to  examine  the  stability  of  the  various  independent  variables. 

As  with  the  ridge  trace  for  the  log  of  basal  area  growth,  the  independent  variables 
showing  the  greatest  amount  of  instability  are  those  involving  D.    For  both  blackjack  pine 
equations,  a  moderate  amount  of  instability  was  also  exhibited  by  those  variables  involving 
the  same  basic  variables  (for  example  A3*UBA2  and  UBA2) . 

The  instability  between  D  and  ir)(D)  was  expected  because  of  their  high  correlation,  but 
this  was  acceptable  because  the  two  independent  variables  are  necessary  to  provide  the  desired 
"peaking"  effect  over  diameter  class  size.   For  those  independent  variables  involving  time- 
since-last-cutting,  however,  I  decided  to  eliminate  those  that  were  highly  unstable  and 
therefore  did  not  greatly  improve  the  least  squares  regression  equations.   This  resulted  in  no 
independent  variables  being  removed  for  yellow  pine,  but  it  did  result  in  three  independent 
variables  being  removed  from  both  blackjack  pine  equations.   The  ridge  traces  for  the  finished 
equations  are  found  in  figures  10,  11,  and  12. 

For  two  reasons,  the  independent  variable  in[GRF)  was  also  eliminated.   First,  the  fact 
that  the  variable  was  negative  for  the  blackjack  pine  equation  with  the  even-aged  data  was 
cause  for  concern.   The  even-aged  data  were  collected  40  years  later  than  the  uneven-aged 
data.   The  sign  change  caused  by  the  incorporation  of  the  even-aged  data  might  therefore 
signal  that  the  influence  of  rainfall  v\/as  not  uniform  over  time.   Also,  the  data  needed  to 
compute  inCGRF)  are  not  readily  available.   The  data  source  used  in  this  study  came  from  the 
Fort  Valley  Experimental  Forest,  which  has  a  weather  station. 
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K  Value 


Figure  10. --Final  ridge  trace  (with  growth  period  rainfall)  for  yellow  pine  using  the 
dependent  variable  of  Jnfbasal  area  growth/site  index). 
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Figure  11. --Final  ridge  trace  (with  growth  period  rainfall)  for  blackjack  pine  fitted 
to  the  uneven-aged  data  alone  with  the  dependent  variable  of  in (basal  area  growtli/ 
site  index). 
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Figure  12. --Final  ridge  trace  for  blackjack  pine  fitted  to  the  even-  and  uneven-aged 
data  with  the  dependent  variable  of  Jr!(basal  area  growth/site  index). 
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APPENDIX  D 
CORRECTION  FOR  LOG  BIAS 

If  the  assumption  of  normality  of  residuals  cannot  be  met,  then  correction  of  a  loj',  motle 
for  bias  can  be  a  problem  for  which  no  easy  solution  is  apparent.  The  fol  lowing;,  however,  is 
a  proposed  correction  factor  based  more  on  intuition  than  mathematical  ris',or: 

If  S  is  such  that  inS'v-N  (y  ,a")  then  it  can  be  shown  that: 

E[S]  =  EXP[p  +  ',0-]   (Mood  and  others  1974) 

Therefore,  an  estimator  of  S  is: 


S  =  EXr[in(SJ  +  '.-MSO] 

This  correction  for  lognormal  bias,  'j'MSE,  is  the  same  as  that  proposed  liy  Oldham  (I'.'oS)  and 
Baskerville  (1972)  as  an  approximate  correction  to  the  log  regression  model.   Now,  if  S  is  not 
lognormally  distributed,  it  would  still  seem  reasonable  to  assume  that  a  constant,  K,  still 
exists  such  that: 


S  =  EXP[inCSJ  +  KJ  . 
Rearranging, 

S  =  EXP[in(,S)]  EXP[K] 


EXP[K]  =     ^'^ 


EXP[in(S)] 

K  =  in(S)  -  ln(S) . 
The  regression  ec)uation: 

ln(Y)    =    bn    +   b]X]    +  •••  +   b   X 
can  also  be  expressed  as: 


infY)  -  ln(Y]    =  b](x]     -  xi J  +  boixo    -    xo)  +  • • •  +  b  (x   -  x  ) 
1-1     w     ^vz     ^  n      n  n 


or, 


ln(Y)    =    in(YJ    +   bAx]     -    xi  )    +   i)9  (xo    -    x?)    +    •••    +    b    (x  x    ) 

^    J  ^    J  11  w  ^^z  ^^  n      n  n 
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If  K  =  in(Y)  -  ln{Y)    were  added  to  this  model  as  an  approximate  correction  for  log-bias  in 
the  nonnormal  case,  then  the  effect  would  be: 


Jn(Y)    =    K   +   in(Y)    +   biixi    -    x{)    +   i?2  (^2    -    X2)    +    •  •  •    +   i?    (x^    -    x^) 


=    in(Y)    -    In(Y)    +   iri(Y)    +   bAx-y    -    xi  )    +    •  •  •    +   2?    (x      -    x    ) 


ln{y)    +   biixi    -    xi)    +   b2{x2    -   X2)  + 


+  Jb  (x  -    X    )     . 
n      n  n 


In  other  words,  the  correction  would  force  the  model  through  the  log_of  mean  Y  instead  of  the 
mean  of  log  Y.   Therefore,  Y  will  pass  through  Y  when  x^  =  xj,  X2  =  X2,  •••,  x  =  x  ,  which 

appears  to  be  the  adjustment  desired.   Whether  this  is  a  true  "mean-unbiased"  estimator  is 
impossible  to  prove  without  first  knowing  the  true  distribution  of  Ir!(Y). 

The  correction  for  log  bias  is  applied  by  adding  it  to  the  intercept  term  of  the  log  of 
basal  area  growth  model.   The  log  bias  correction  factors  for  the  three  equations  developed 
in  this  study  are  found  in  table  11.   For  comparative  purposes,  the  appropriate  correction 
for  normally  distributed  residuals  (that  is,  '-i-MSE)  is  also  found  in  table  26.   Notice  that 
if  normality  had  been  assumed,  the  correction  would  have  been  considerably  larger  than  the  one 
not  assuming  normality. 


Table  2b . --Proposed  correction   factor  and   log-normal    correction   factor  for   log  bias   of   the 

three   log  of  basal    area   growth   equations 


Equation 

type 


Proposed  factor 
In (mean  Y) ]  -  [mean  in(Y) 


Lognormal  factor 
%-MSE 


Blackjack  pine  with 
even-aged  data 


0.300534069 


0.48453144 


Blackjack  pine  without 
even-aged  data 

Yellow  pine 


.324720185 
.873936593 


.56464436 
2.76746302 
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APPENDIX  E 

DEVELOPMENT  OF  MORTALITY  MODELS 
Prior  Findings 

For  unevcn-agcd  stands,  noncatast  ro]iliic  mortal  it\'  has  boon  found  to   he  coitoI  at  oil  to 
diameter  size,  severity  of  cuttiiit;,  and  whetlier  tlie  trees  were  hlackjack  or  yellow  ]iiiies. 
Krauch  (192b)  reported  tliat  pereent  mortality  iiiereased  as  diameter  inereased.   When  pei'cent 
mortality  is  plotted  over  diameter,  the  eurve  is  U-sliaped  with  tlie  minimum  near  _'()  inches 
(Pearson  1959,  19S0;  Pearson  and  Wads'  orth  1941;  Wadsworth  and  Pearson  1915;  and  Myers  and 
Martin  19b 5) . 

For  severity  of  cutting,  Krauch  (192b)  discovered  that  "the  percentage  of  mortality 
increases  in  inverse  ratio  to  the  degree  of  cutting."  This  discovery  was  sujiported  by  Lexen 
(1955).   Wadsworth  and  Pearson  (1945)  found  that  percent  mortality  of  blackjack  or  yellow  pine 
alone  was  higher  in  a  cutovcr  stand  than  in  a  virgin  stand,  but  that  this  situation  reversed 
itself  when  the  two  were  combined.   They  attributed  this  reversal  to  ]iecul iari t ics  of  percent- 
ages.  Pearson  (1950)  also  found  that  a  virgin  stand  had  a  higher  rate  of  mortality  than  a 
rtioderately  cut  stand,  but  that  severe  cutting  increased  mortality  because  of  windthrow  and 
lightning  losses  in  the  few  large  trees  remaining.   Higher  mortality  rates  in  yellow  pine  than 
in  blackjack  pine  have  been  reported  by  Pearson  and  Wadsworth  (1941]  and  by  Wadsworth  and 
Pearson  (1945) . 

Mortality  should  also  be  related  to  productivity,  total  stand  density,  and  t ime-s ince- last ■ 
cutting.   For  even-aged  stands,  Myers  and  others  (197b)  found  tliat  site  and  total  stand  basal 
area  were  significant  in  predicting  total  stand  mortality,  and  there  is  no  reason  to  believe 
this  effect  is  not  also  significant  in  uneven-aged  stands. 

While  it  seems  intuitive  that  the  longer  the  time-since- last -cutt i ng ,  the  higher  the 
mortality  rate,  both  Lexen  (1955)  and  Pearson  (1959,  1950)  have  reported  that  they  could  find 
no  consistent  relationship  between  mortality  and  t ime-since-last -cutt ing .   Their  findings 
could  have  been  clouded  by  other  effects  or  by  the  fact  that  the  length  of  time-since- last - 
cutting  they  examined  (20  years  or  less)  was  not  long  enough  for  the  effect  to  manifest  itself. 

Definition  of  Variables  and  Transformations 

A  mortality  rate  can  be  expressed  in  several  ways.   bk  (1974)  and  Adams  and  bk  (1974) 
expressed  it  directly  as  the  number  of  trees  dying  in  a  diameter  class  during  the  growtli 
period.   Lee  (1971)  exjiressed  mortality  as  a  jiercentage  of  the  total  stand  dying  ]ier  _\'ear. 
Finally,  Hamilton  (1974),  Hamilton  and  Edwards  (197b),  and  Monserud  (197b)  all  expressed 
mortality  as  the  probability  for  proportion)  of  a  tree  d\'ing  in  a  growth  period. 

The  form  of  the  equations  has  also  differed.   Ek  (1974)  used  nonlinear  least  scjuares 
techniques,  while  Lee  (1971)  and  Adams  and  Ek  (1974)  used  ordinary,  linear  least  S(|uares 
techniques.   Hamilton  (1974),  Hamilton  and  Edwards  (197b),  and  Monserud  (197())  all  used  the 
logistic  function  fitted  using  weighted,  nonlinear  least  scjuares  technicpies. 

Expressing  mortality  as  a  percentage  or  proportion  has  an  advantage  over  exjiressing  it  as 
the  number  of  trees  dying.   If  properly  modeled,  a  proportion  (or  percentage)  is  bounded  b>'  0 
and  1  (or  0  and  100).   Multiplying  this  rate  l\v  tlie  number  of  trees  in  the  class  will  alwa)-s 
give  a  value  less  than  or  ecjual  to  the  number  in  the  class.   As  a  result,  predicted  inimber  of 
survivor  trees  is  never  negative;  a  result  possible  under  the  other  approach. 
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A  problem  can  arise  with  using  ordinary,  linear  least  squares  regression  for  predicting 
the  percent  or  proportion  of  trees  dying.   Linear  models  can  cause  the  predicted  values  to 
exceed  zero  or  one,  especially  if  the  prediction  falls  outside  the  range  of  values  in  the 
developmental  data  set  (Hamilton  1974;  Hamilton  and  Edwards  1976).   However,  the  nonlinear 
logistic  function, 

y  =  (1.0  .  e-^^0  "  ^1^1  "  ^2^2  -    '"    -    Vn^)-^ 

limits  the  value  of  y  to  between  zero  and  one.   Also,  when  the  dependent  variable  is  dichotomous 
(which  mortality  is),  the  logistic  function  appears  to  have  improved  statistical  properties 
over  ordinary,  linear  least  squares  regression  models  (Hamilton  1974;  Hamilton  and  Edwards 
1976). 

Hamilton  (1974)  presents  a  computer  program,  RISK,  for  determining  the  parameters  of  the 
logistic  function  using  weighted,  nonlinear  least  squares  regression  techniques.   In  using 
RISK,  the  dependent  variable  is  assigned  a  value  of  zero  if  the  tree  survived  to  the  end  of 
the  growth  period,  and  a  value  of  one  if  it  did  not.   By  using  only  diameter  class  or  stand 
attributes  as  independent  variables,  the  result  is  the  probability  of  a  tree  dying  under  the 
specified  diameter  class  and  stand  conditions. 

The  reported  U-shaped  curve  of  percent  mortality  over  diameter  was  for  all  ponderosa 
pine.   By  separating  ponderosa  pine  into  the  two  vigor  classes  of  blackjack  pine  and  yellow 
pine,  the  trends  will  differ  from  the  U-shaped  curve.   For  blackjack  pine,  it  is  possible  that 
percent  mortality  will  decline  as  diameter  increases;  while  for  yellow  pine,  the  opposite  is 
expected.   Because  blackjack  pine  usually  represents  the  small,  vigorous  trees  and  yellow  pine 
the  large,  overmature  trees,  it  is  easy  to  see  why  the  resulting  combined  graph  could  be 
U-shaped. 

Any  transform  on  diameter  class  size  (D)  that  causes  the  transformed  value  to  increase  as 
D  increases  would  allow  the  desired  effect  in  the  logistic  function.   The  two  independent 
variables  chosen,  D  and  D^ ,  both  meet  this  criterion  and  are  also  simple  and  interpretable 
(D  is  straightforward,  and  D^  is  analogous  to'diameter  class  basal  area).   As  with  the  basal 
area  growth  equations,  vigor  was  incorporated  into  the  equations  by  developing  separate 
mortality  equations  for  blackjack  pine  and  for  yellow  pine. 

Two  measures  of  productivity  were  tried:  site  index  for  the  one-half  plot  (S) ,  and  average 
5-year  growth  period  rainfall  (GRF) .   Mortality  will  decline  as  productivity  increases; 
therefore,  the  independent  variables  chosen  were  the  untransformed  values  S  and  GRF.   A 
positive  sign  on  the  regression  coefficients  of  these  independent  variables  would  provide  the 
desired  or  expected  effect. 

The  choice  of  the  independent  variables  to  represent  stand  density  was  based,  in  part,  on 
the  results  of  the  growth  analysis.   The  sets  of  LBA2,  MBA2,  UBA2,  and  of  LBA22,  MBA22,  UBA22, 
proved  best  in  the  growth  analysis  at  representing  both  the  effect  of  stand  density  and  of 
diameter  class  position.   Also  chosen  for  analysis  in  this  phase  were  the  independent  variables 
of  total  stand  basal  area  (BA)  and  percentile  in  the  basal  area  distribution  (PCT) . 

For  time-since-last-cutting,  two  of  the  three  transforms  used  in  the  growth  analysis  (A^ 
and  A3)  were  also  tried  in  this  analysis.   Expressing  severity  of  cutting  was  a  problem.   On 
the  plots  with  cutting,  the  recording  of  data  did  not  start  until  after  the  cut.   Thus, 
information  concerning  the  amount  of  trees  removed  was  not  available  as  an  index  of  severity 
of  cutting.   While  the  amount  of  the  residual  stand  might  provide  some  insight  into  the  severity 
of  cutting,  it  is  not  the  best  measure.   Because  stand  density  reflects  the  amount  of  the 
residual  stand,  it  was  felt  that  additional  measures  were  neither  justified  nor  necessary. 
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With  the  inliercnt  difficulty  of  predicting  mortality,  I  di'cided  to  include  an  independent 
■ariable  that  incorporated  all  of  the  above  independent  variables  into  one-.   The  obvious 
dioice  for  independent  variable  is  predicted  basal  area  growth.   The  probabilit\'  of  mortal  it\' 
;ould  decrease  as  basal  area  growth  increased.   Predicted  basal  area  growth  was  used  instead 
if  actual  basal  area  growth  because  all  independent  variables  must  he  observable  when  the 
lodel  is  actually  applied  in  the  stand  simulator  (Monserud  I07(>).   The  use  ol"  actual  basal 
irca  growth  in  equation  development  and  tlien  predicted  basal  area  growth  in  aiiplication  of 
he  equation  would  introduce  a  random  variable  as  an  independent  variable,  which  violates  one 
if  the  assumptions  of  least  squares  regression.   To  clarif\'  this  last  point,  consider  the 
"ollowing  example: 

Suj-ipose  you  wanted  to  obtain  an  estimator  of  Y  as  a  function  of  X  (tlie  predicted  value 
if  X)  because  once  the  estimator  of  Y  is  determined,  the  only  value  available  to  activate  the 

•stimator  is  X.   However,  the  observed  values  (Y,  XJ  do  exist  prior  to  tlie  development  of  the 

■stimator.   Now  if  Y  and  X  are  related  by 

Y  =  Bo  +  eiX  +  ci  (1) 
and  if 

X  =  X  +  Co  '^1'  (-1 

X  -  eo  =  X,  (3) 

hen,  if  X  [the  observed  value)  is  used  instead  of  X  (tlie  predicted  valuej  to  develop  eipiation 
1),  the  effect  is  to  model: 

Y  =  Bo  +  6i(X-co)  +  ci  (7,)    into  (1) 
=  Bo  +  BiX-6i£2  +  £i 

nd  Kmenta  (1971)  has  shown  that  the  effect  of  this  is  to  make  the  estimators  of  Po  '"'"J  Pi 
nconsistent . 

Tlic  three  predicted  basal  area  growths  used  were:  blackjack  pine  witli  the  even-aged  data 
BJBAGl),  blackjack  pine  without  the  even-aged  data  (BJBAr,2)  ,  and  yellow  pine  (YPBAd)  . 


"Screening"  Independent  Variables 


Program  RISK  helped  determine  which  of  the  independent  variables  best  ]iredicted  mortality. 

0  do  this,  a  run  was  created  to  fit  14  equations  for  the  three  blackjack  pine  data  sets  and 

1  equations  for  the  two  yellow  pine  data  sets.   The  three  blackjack  jiirie  data  sets  were  (1) 
irgin  imeven-aged  data,  (2)  managed  uneven-aged  data,  and  (3)  managed  even-aged  data;  and  the 
wo  yellow  pine  data  sets  were  (1)  virgin  uneven-aged  data,  and  (2)  managed  uneven-aged  data, 
hcse  preliminar}'  data  sets  were  clioscn  to  both  reduce  the  expense  of  running  RISK  on  lai'ge 
ata  sets,  and  to  allow  an  examination  and  subsequent  modeling  of  the  trends  in  model  param- 
ters  across  the  various  data  sets  as  functions  of  stand  structure  and  t ime-since- last -cut t i ng, 
f  necessary. 

For  both  blackjack  pine  and  yellow  pine,  the  results  of   this  "screening"  run  indicated 
hat  the  only  independent  variables  with  predictive  strength  were  D,  1)-',  and  the  basal  area 
rowth  equations.   Because  the  variable  D2  proved  to  be  better  than  U,    it  was  used  in 
he  remainder  of  the  analysis. 
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The  next  step  was  modeling  the  change  in  model  parameters  across  time-since-last-cutting 
and  stand  structure.   To  model  the  effect  of  stand  structure,  two  new  variables  were  intro- 
duced: RMBA,  and  RUBA . ,  which  were  computed  by  dividing  MBA.  (or  UBA.)  by  total  stand  basal 
area.   These  variables  are  based  on  the  hypothesis  that  an  even-aged  stand  would  exhibit  more 
basal  area  in  the  middle  basal  area  class  (or  less  of  its  total  basal  area  in  the  upper  basal 
area  class]  than  would  an  uneven-aged  stand. 

Utilizing  the  time-since-last-cutting  and  two  of  the  "stand  structure"  variables  (RUBA3 
and  RMBA2)  as  independent  variables  themselves  or  as  multipliers  with  the  other  variables,  a 
second  set  of  "screening"  runs  was  made  on  three  data  sets:  blackjack  pine  with  the  even-aged 
data,  blackjack  pine  without  the  even-aged  data,  and  yellow  pine.   From  these  runs,  the  two 
most  promising  models  from  each  data  set  were  selected  for  more  detailed  analysis.   The 
independent  variables  for  these  models  are  found  in  table  27.   Both  blackjack  pine  growth 
equations  were  used  in  each  of  the  two  blackjack  pine  data  sets  because  no  choice  has  been 
made  as  to  which  blackjack  pine  growth  equations  will  be  final. 

Table  27 .--Independent   variables  in  mortality  models   selected  from  each  data   set   for  final 

analysis 


Data  set 


Model  number 


Independent  variables 


Blackjack  pine  with 
even-aged  data 


Blackjack  pine  without 
even-aged  data 


Yellow  pine 


BJBAGl,  RMBA2 
BJBAGl,  RUBA3 
BJBAG2,  RMBA2 
BJBAG2,  RUBA 3 
BJBAGl,  A2* BJBAGl 
Ai*BJBAGl,  d2 
BJBAG2,  Ai*BJBAG2 
Ai*BJBAG2,  d2 
YPBAG,  Ai*YPBAG 
YPBAG,  Ai*YPBAG,  d2 


Up  to  this  point,  the  selection  of  the  "best"  model  has  been  made  by  jointly  considering 
four  factors:  (1)  reasonableness  of  signs  on  the  independent  variables;  (2)  overall  signifi- 
cance of  the  model  as  indicated  by  an  "F"  statistic  in  RISK;  (3)  maximization  of  "t"  values  on 
each  parameter,  as  computed  by  RISK;  and  (4)  minimization  of  a  chi-square  "goodness-of-f it" 
value  also  computed  by  RISK.   Of  the  three  measures  of  fit  computed  in  RISK  (R,  t,  and  chi- 
square),  Hamilton  (1974)  preferred  the  chi-square.   Unfortunately,  the  chi-square  tables  in 
RISK  used  predicted  event  classes  too  wide  for  the  mortality  data  used  in  this  study.   As  a 
result,  the  observations  fell  in  very  few  of  the  classes.   To  correct  for  this,  a  program  was 
written  to  compute  the  chi-square  statistic  over  a  reasonable  range  of  predicted  mortality 
classes  and  also  over  diameter  classes. 

Using  this  program,  chi-square  values  were  determined  for  the  models  selected  for  final 
analysis.   Analysis  of  the  results  indicated  that  both  yellow  pine  equations  appear  to  perform 
well.   Because  model  2  (the  model  with  YPBAG,  Ai*YPBAG  and  D^)  has  slightly  better  chi-square 
values,  it  was  chosen  as  the  best  yellow  pine  mortality  model.   The  goodness-of-fit  test 
across  diameter  classes  is  found  in  table  10. 
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Tlic  results  for  tlie  blackjack  pine  ecjuations  developed  usiii^  Just  the  uiieveii-a^ed  data 
vere  also  satisfactory.   The  chi-square  values  for  all  the  tests  were  not  siunificaiit  at  t  lie 
39  percent  level  (the  testing  level).   Tlie  signs  on  the  coefficients  oi'   models  1  and  S  were, 
lowever,  of  opposite  values.   This  unexpected  result  caused  the  fo.  lowing:  for  stand:  i-ecentl\' 
rut,  the  higher  the  basal  area  growth  rate,  the  higher  the  mortality  rate;  while  foi'  virgjn 
;tands,  the  opposite  was  true.   The  coefficients  on  models  _'  and  1  were  reasonable,  and  so 
:hey  were  picked  as  the  best  models  for  uneven-aged  blackjack  pine.   Tables  11  and  \2    jirtivide 
:;he  goodness-of-f it  tests  across  diameter  classes  for  the  final  models. 

The  chi-square  values  indicated  poor  fits  for  the  equations  developed  using  both  the 
?ven-  and  uneven-aged  data,  and  this  was  disappointing.   So  a  new  group  of  runs  was  ti'ied. 
rhe  independent  variables  used  in  these  runs  are  found  in  table  28.   Of  thesi',  the  two  best 
;ets  of  equations  were  models  19,  20,  and  models  21,  22.      While  the  models  are  an  improvement, 
:hey  are  still  significantly  different  at  the  99  percent  testing  level  used.   The  gootlness-of- 
Fit  tests  across  diameter  classes  for  the  best  models  (models  21  and  22]    are  found  in  tables 
15  and  14. 

fable  28 . --Independent  variables   used   in    final    set   of   runs   for   even-   and   uneven-aged   blackjack 

pine   mortality 


Model 
lumber 


Independent  variables 


5 
b 

7 
8 
9 
10 
11 
12 
15 
14 
15 
16 
17 
18 
19 
20 
21 


BJBACl 
BJBAG2 
BTBACl 
BJBAG2 
BJBAGl 
BJBAG2 
BJBAGl 
BJBy\G2 
BJBAGl 
BJBAG2 
BJBAGl 
BJBAG2 
BJBAGl 
BJBA(;2 
BJBAGl 
BJBA(^2 
BJBAGl 
BJBAG2 


D- 

d2 

Ai 

Ai 
d2 

d2 

[)  = 

Al 
A, 


Al ,  LBAo,  MBAo,  UBAo 

Al,  LBAo,  MBAo,  UBAo 

A] ,  MBA2 

Al,  MBAo 

MBAo 

MBAo 

Al,  Ai^,  MBAo 

A] ,  Aj^,  MBAo 

TIME,  TIMb^,  MBA;, 

TIME,  TIMi;2,  MBA2 

Ai^,  MBAo 

Ai2,  MBA2 


TIME,  TIME'',  MBA; 
TIME,  TIME2,  MBA, 

D- ,   time;,  time"'. 


MBAo 


D'-,  TIME,  time;  ,  MBA;> 
1)2,  TIME,  time"'',  MBA9 
d2,  time,  TIME"'',  MBAo 
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Examining  causes  for  mortality  provides  insight  into  the  problem  of  modeling  the  combined 
uneven-  and  even-aged  mortality  data.   For  the  uneven-aged  data,  the  principal  causes  of 
mortality  were  lightning,  wind,  bark  beetles,  and  mistletoe  (Pearson  1939;  Wadsworth  and 
Pearson  1943;  Myers  and  Martin  1963).   The  amount  \^;ould  indicate  that  these  are  noncatastrophic 
forms  of  mortality.   The  main  causes  for  mortality  in  the  even-aged  plots  were  snowbreak  and 
rust  (Schubert  1971,  1974).   Of  the  160  trees  that  died  on  those  subplots  used  in  equation  de- 
velopment, 86  percent  died  because  of  snowbreak  in  the  first  growth  period  after  cutting,  and 
12  percent  died  of  rust  in  the  second  period, 

A  problem  exists  as  to  whether  snowbreak  should  be  considered  noncatastrophic  or  catastropll 
mortality.   Accelerated  mortality  after  cutting  is  not  unique  to  the  Taylor  Woods  study.   Also, 
windthrow  after  cutting  has  been  widely  reported  (Alexander  1973  and  1975;  Reukema  1970; 
Reukema  and  Pienaar  1973;  and  Williamson  and  Price  1971)  while  both  Boldt  (1970)  and  Williamson 
(1976)  reported  serious  problems  with  snowbreak.   Barrett  (1965)  also  noted  that  "extensive 
precautions  were  taken  to  protect  the  stand  from  damage  by  porcupines  and  snowbend,  the  two 
greatest  threats  to  maintaining  the  designated  tree  densities."  The  problem  of  snowbreak  and 
bending  has  been  described  as  being  common  to  the  Southwest,  particularly  among  young  dense 
stands  such  as  the  Taylor  Woods  subplots  (Pearson  1950  and  Schubert  1974) . 

Should,  therefore,  a  mortality  agent  described  as  common  be  considered  as  a  natural 
result  of  thinning?  The  answer  is  subjective  and  cannot  be  presented  satisfactorily  in  this 
study.   To  examine  how  the  inclusion  of  the  Taylor  Woods  mortality  data  affects  the  prediction 
of  uneven-aged  mortality,  the  chi-square  goodness-of-f it  tests  were  made  to  the  even-  and 
uneven-aged  mortality  equations  using  just  the  uneven-aged  data.   The  resulting  chi-square 
statistics  indicated  that  the  inclusion  of  the  even-aged  data  has  deteriorated  the  predictive 
capability  for  the  uneven-aged  plots.   Whether  this  result  indicates  that  snowbreak  is  non- 
normal  (that  is,  catastrophic)  mortality  is  not  clear.   A  comparison  of  the  goodness-of-fit 
tests  across  diameter  class  (tables  29  and  30)  to  those  for  the  uneven-aged  equations  (tables 
11  and  12)  indicates  that  the  greatest  differences  occur  in  the  4-  through  6-inch  diameter 
classes,  and  these  are  the  classes  where  most  of  the  Taylor  Woods  data  occurred.   Despite 
these  problems,  I  decided  to  also  test  these  two  equations  in  the  validation  phase  along  with 
the  uneven-aged  blackjack  and  yellow  pine  equations.   Perhaps  the  equations  developed  with  the 
even-aged  data  will  prove  to  be  better  predictors  over  the  long  run. 
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-Chi-square    test    across   diameter   classes    for   best    oven-    and    unevt-'n-aq,  ■<!   blackjack 
pine  mortality   equation    (using  basal    area   growth   equation    for   even-   and   unc-VL^n- 
aged  blackjack  pine)    compared   to   uneven-aged   data   only 


Nunibei"   of   trees 
in   class 


Actual 
mortal ity 


I'rcdlctcd 
mortal  i  t\' 


Chi 

-  S( 

lu; 

ire 

V 

line 

2(. 
S 

1 

x 

0 
1 

0 

0 

1 
1 
7 
1 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
!0  -  21 


4,416 

4,006 

5,322 

2,629 

2,021 

1,551 

1,205 

1,004 

893 

737 

686 

666 

685 

649 

610 

473 

908 

622 

553 

261 


11 
18 
18 
17 
8 
7 
5 
6 
3 
2 
1 
6 
4 
2 
1 
0 
6 
9 
1 
0 


4  5.57 

35.90 

24.7  2 

17.62 

11.44 

7.84 

5 .  58 

4.22 

3.54 

2.75 

2 .  53 

2.61 

2 .  63 

2.52 

2 .  38 
1  .  96 
4.07 

3 .  06 
2 .  1  3 
2.50 


.9 

4.4 
.7 
.1 
.8 

2.() 

.9 

11.5 

.6 

2.5 
Chi-stiuare  =  63.7 
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-Chi-sguare  test  across  diameter  classes  for  best  even-  and  uneven-aged  blackjack 
pine  mortality  eguation  (using  basal  area  growth  eguation  for  uneven-aged  black- 
jack pine  only)    compared   to    uneven-aged   data   only 


Diameter 
class 


Number  of  trees 
in  class 


Actual 
mortality 


Predicted 

mortality 


Chi -square 
value 


5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20  -  21 
22  -  23 
24  -  25 
26+ 


4,416 

4,066 

3,322 

2.629 

2,021 

1,551 

1,203 

1,004 

893 

737 

686 

666 

685 

649 

610 

473 

908 

622 

353 

261 


11 
18 
18 
17 
8 
7 
5 
6 
3 
2 
1 
6 
4 
2 
1 
0 
6 
9 
1 
0 


44.93  25.6 

35.80  8.9 

24.81  1.9 
17.74  0 
11.55  1.1 

7.92  0.1 

5.65  .1 

4.29  .7 

3.62  .1 
2.82  .2 
2.61  1.0 
2.71  4.0 
2.75  .6 

2.63  .2 
2.49  .9 
2.05  2.1 
4.15  .8 

3.03  11.8 

2.04  .5 
2.34  2.3 

Chi-square   =   62.8 
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APPENDIX  F 
DEVELOPMENT  OF  A  CONVERSION  MODEL 

I  hypothesized  that  the  following  independent  variables  might  prove  useful  for  predieting 
he  conversion  rate:  diameter  class  size  (D) ,  site  index  (S),  total  number  of  trees  7.()  inches 
nd  larger  (TT8) ,  total  basal  area  in  trees  7.6  inches  and  larger  ( BA« ) ,  total  number  of  trees 
n  the  diameter  class  (TTDC)  ,  and  total  basal  area  in  the  diameter  class  (BADC).   l-,.\ce|)l  for 
ite  index,  I  expected  that  as  each  of  these  independent  variables  increased,  the  conversion 
ate  would  increase.   The  opposite  would  liold  true  for  site  index. 

The  expected  relationships  between  the  proposed  independent  variables  and  the  conversion 
ate  were  based  upon  how  changes  in  these  independent  variables  would  affect  growth.   Crowth 
nd  vigor  are  intimately  related,  and  it  was  expected  tliat  a  decrease  in  growth  rate  would 
ause  an  increase  in  the  conversion  rate.   Therefore,  any  of  the  proposed  independent  vai-iables 
hat  would  reduce  the  growth  rate  as  they  increased  in  value  would  also  be  expected  to  increase 
he  conversion  rate. 

Based  on  the  same  reasoning  as  discussed  in  the  mortality  rate  section,  1  decided  to 
xpress  the  conversion  rate  as  a  proportion.   To  model  this,  program  RISK  was  again  used.   The 
ichotomous  dependent  variable  was  defined  as  1.0  if  the  tree  converted  to  a  yellow  pine,  rnui 
value  of  0.0  if  it  did  not. 

Twenty-two  regression  runs  were  then  made  using  the  data  reserved  for  modeling.   These 
uns  were  selected  to  cover  most,  if  not  all,  reasonable  combinations  of  the  independent 
ariables.   The  runs  allowed  decisionmaking  at  various  points  during  the  analysis  on  what 
ombinations  of  independent  variables  to  examine  next.   Chi-st|uare  values  across  diameter 
lasses  and  across  predicted  conversion  classes  for  the  three  best  models  were  then  examined, 
n  all  cases,  the  predicted  values  were  significantly  different  from  the  actual  values  at  the 
9  percent  testing  level.   An  analysis  of  the  chi-square  values  for  the  best  model  indicated 
he  primary  area  of  misfit  was  in  the  12-inch  diameter  class.   A  review  of  the  basic  data  also 
evealed  that  all  of  the  conversions  in  the  11-,  12-,  and  13-inch  diameter  classes  and  two  of 
he  three  conversions  in  the  14-inch  diameter  class  occurred  on  subplot  15  of  plot  ()1. 

I  then  decided  to  circumvent  the  problem  of  lack  of  fit  by  strengthening  the  data  base, 
his  was  done  by  adding  to  the  conversion  data  base  those  subplots  originally  eliminated 
ecause  of  a  highway  running  through  them.   Using  this  expanded  data  set,  the  2.S  new  runs  were 
ade  using  the  same  procedures  as  described  for  the  first  set  of  runs.   Again,  tlie  chi-S(|uare 
alues  for  the  three  best  models  indicated  a  significant  differr-nce  between  predicted  and 
ctual  values.   As  before,  the  lack  of  fit  was  due  to  the  high  number  of  conversions  on  suliplot 
3  in  the  11-,  12-,  13-,  and  14-inch  diameter  classes. 

I  eliminated  subplot  13  from  the  data  base  as  being  aty])ical  of  tlie  conversion  process, 
hen  made  the  10  runs  listed  in  table  31.   This  time,  the  chi-square  values  of  the  three  best 
odels  (5,  9,  and  10)  indicated  no  significant  difference  at  the  99  percent  testing  level 
etween  predicted  and  actual  conversion  values  across  predicted  conversion  classes.   Across 
iameter  classes,  only  model  9  did  not  differ  significantly  from  the  actual  data  (table  16) 
nd  was  therefore  chosen  as  the  final  model  fitted  to  this  data  set. 

To  test  model  9  further,  the  model  was  checked  against  validation  data.   Across  predicted 
onversion  classes,  the  chi-sc|uare  value  for  the  validation  data  was  140.9  with  (>  d.f.,  wli  i  1  e 
cross  diameter  classes  it  was  178.8  with  7  d.f.   In  both  cases,  the  difference  between  preilicted 
nd  actual  conversion  was  significant  at  the  99  percent  testing  level.   An  examination  of  the 
alidation  data  showed  that,  like  subplot  13  of  the  original  data,  subplot  1()  exhibited  a 
arge  number  of  conversions  in  the  12-inch  diameter  class.   Why  this  peculiarity  exists  in 
his  diameter  class  on  these  two  subplots  is  unknown,  but  1  eliminated  subplot  16  from  the 
alidation  data  also.   The  resulting  chi-square  fit  for  this  modified  validation  data  set  was 
.4  with  7  d.f.  across  diameter  classes  (table  32)  and  3.4  with  6  d.f.  aci'oss  predicted  con- 
ersion  classes.   Both  of  these  chi-sc|uare  statistics  were  insignificant,  indicating  a  gooil 
it  to  the  modified  validation  data  set. 


Table  7>l .  --Listing  of  conversion   models    tested   using  expanded   data   set   minus   subplot   13 


Model 


Independent  variables 
number 


1  D,  S,  TT8,  BA8 

2  D,  S,  TT8,  BADC 

3  D,  S,  TTDC,  BA8 

4  D,  S,  TTDC,  BADC 

5  D,  TT8 

6  D,  TTDC 

7  d2,  TT8 

8  d2,  TTDC 

9  D,  d2,  S 
10  D,  S 


Table  32 . --Validation   chi-square   test   across   diameter   classes   for  final    conversion   model 


Diameter 
class 


Number  of 

trees 

Actual 

Predicted 

Chi-square 

in  class 

conversion 

conversion 

value 

747 

2.00 

1.23 

0.5 

84 

1.00 

1.34 

.1 

42 

1.00 

1.36 

.1 

24 

1.00 

1.05 

0 

26 

1.00 

1.38 

.1 

23 

1.00 

1.57 

.2 

13 

3.00 

1.29 

2.3 

11 

2.00 

1.65 

.1 

4-15 
16-19 
20-21 

22 

23 
24-25 
26-28 

29+ 


Chi-square  statistic  ^  3.4 
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APPENDIX  G 

DEVELOPMENT  OF  RECRUITMENT  MODELS 

Prior  Findings 

Natural  regeneration  is  the  process  in  wliich  an  adecjuate  supply  of  viable  seed  is  [u'odueeil, 
.sperscd  over  the  area,  germinated,  and  then  survives  to  produce  a  full  stocking  of  I'St  ah  1  i  shed 
'edlii>gs.   The  amount  of  seed  a  tree  produces  depends  upon  tree  size,  vigor,  level  of  competi- 
.vc  stress,  and  presence  of  cone-damaging  agents  (Larson  and  Schubert  l'J7();  Schubei't  1'.'"  1  )  as 
"11  as  environmental  factors.   Schubert  (1974)  concluded  that  good  cone  crop  _\'ears  occur  at 
itervals  of  3  to  4  years.   The  amount  of  viable  seed  is  positivel}'  correlated  with  size  of 
)ne  crop  (Larson  and  Schubert  1970;  Schubert  1974). 

Seed  is  disseminated  in  the  fall  and  generation  occurs  the  following  summer  (Schubei't 
174).   Germination  follows  adequate  rainfall  and,  if  this  takes  jilace  too  late  in  the  season 
■  fails  to  take  place  at  all,  mortality  rates  can  be  extreme!}'  high  (Pearson  1930;  Schul)ert 
)74) .   Second-year  seedlings  are  also  highly  susceptible  to  drought.   Therefore,  successful 
'generation  requires  adequate  rainfall  in  two  consecutive  years  (Meagher  1950).   Seedling 
irvival  is  also  heavily  influenced  b)'  the  amounts  of  competing  vegetation  (Pearson  1942, 
)50;  Schubert  1974) . 

The  ingrowth  rate,  therefore,  should  be  influenced  by  the  potential  of  the  stand  to 
■oducc  cones,  which  is  positively  correlated  with  tree  size  (Larson  and  Schubert  1970),  by 
le  level  of  competition,  and  by  the  time  since  tlie  last  good  seedling  year.   Another  factor 
lat  might  influence  the  ingrowth  rate  is  the  structure  of  the  competition.   For  example,  an 
^en-aged  stand  and  an  uneven-aged  stand  could  have  the  same  jiotential  for  producing  cones  and 
le  same  overall  level  of  com]">et  ition,  but  because  the  diameter  structures  of  the  two  stands 
■e  different,  the  ingrowth  rates  might  differ.   (The  same  total  basal  area  s]iread  over  man>- 
.ameter  classes  in  tlie  uneven-aged  stand  may  produce  a  different  level  of  comjiet  i t  ion  on  a 
.ven  diameter  class  from  the  same  total  basal  area  concentrated  in  a  narrow  range  of  diameter 
.asses  in  an  even-aged  stand.  J 

Tlie  only  whole-stand  ingrowth  models  foinid  in  tlic  literature  were  the  two  tried  by  Moser 
.972,  1974)  and  one  reported  by  Lk  (1974).   Moser's  differential  equations  were  of  the  form: 

d(Ingrowth)/dt   =   b^e^^^^^^  (1)       (Moser    1972) 


id 


d (Ingrowth) /dt    =   bQ    +   i?/'^  (2)       (Moser    1974) 


lere 

QMD   =   quadratic   mean   stand   diameter 

BA  =   total    stand  basal    area. 

itegrating   these   functions   over   tlie   time    interval    tg   to    (fcg    +    5)    provides   a   means    for   con- 
;rting   these   differential    forms   to   ecjuations   that    represent    ingrowth   in   an)'   S-\'ear   growth 
jriod.      The    integrated   ec|uations   are: 
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,      i72QMD 
Ingrowth   =    t-bje 


to   +   5 

to 


I 


=    (to    ^    5).,e^2Q^'^    -    to.,e^2QMD 
=    52,ie^2QMD 


and 


Ingrowth  =  jbQt  +  jb^BA 


to  +  5 

to 


=   SbQ   +   5i?iBA 

=  b*    +   h*BA  (4) 

Ek ' s  (1974)  model  predicts  the  total  number  of  ingrowth  trees  directly  by  the  equation: 

T      ^K    u   T^2  (-i^sBA^^-T'^)  ..^ 

Ingrowth  =  jb^T  ^e    ^  (5) 

where 

T  =  total  number  of  trees 

BA  =  total  stand  basal  area. 

Moser  used  nonlinear  regression  to  fit  model  (1)  and  linear  regression  to  fit  model  (2). 
Ek  also  used  nonlinear  regression  to  fit  model  (5).   Both  are  assuming,  therefore,  that  the 
error  term  is  additive,  but  neither  provided  evidence  to  support  this  assumption. 

Total  Ingrowth  Model  Development 

The  previously  discussed  literature  review  for  ponderosa  pine  in  the  Southwest  indicated 
that  ingrowth  might  be  influenced  by  the  potential  of  the  stand  to  produce  cones,  the  level 
and  structure  of  competition,  and  the  time  since  the  last  good  seedling  year. 

From  the  data  presented  by  Larson  and  Schubert  (1970),  the  following  equation  was  devel- 
oped to  predict  the  number  of  cones  a  tree  in  a  given  diameter  class  (greater  than  or  equal  to 
12  inches)  would  produce  in  a  year: 

Number  of  cones  per  tree  per  year  =  0.94993974(0-12)  +  0.61427282(0-12)2 

D  >_  12 

where 

0  =  diameter  class  size. 

Using  this  equation,  the  predicted  number  of  cones  (C)  for  the  stand  was  computed  and 
used  as  an  independent  variable.   The  number  of  cones  is  expected  to  be  positively 
correlated  with  ingrowth. 

To  represent  level  and  structure  of  competition,  six  diameter  classes  were  created  (4  to 
6  inches,  7  to  9  inches,  10  to  15  inches,  16  to  21  inches,  22  to  27  inches,  28+  inches),  and 
the  number  of  trees  and  basal  area  in  each  was  determined.   These  classes  can  then  be  combined 
in  numerous  ways  to  produce  various  measures  of  the  level  and  structure  of  competition. 
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Three  additional  diameter  classes  were  also  ci-eated  1)>'  deleniuniii};  the  1-ineh  diameter 
lass  in  which  the  mean  stand  diameter  exists  ami  then  addinj:;  to  it  Xhv    surnumd  i  ny,  one,  two, 
r  tliree  1-inch  diameter  classes.   The  numlier  of  trees  and  tiie  basal  area  in  each  ot"  tliese 
hree  "mean  stand  diameter  classes"  were  tlien  determined. 

Because  of  insufficient  data,  tlie  time  since  the  last  good  seedlint^  _\-eai-  was  not  incor- 
'Orated  into  this  study. 

Other  independent  variables  tliought  to  be  important  for  pi'edicting  ingrowth  w'ei'e  site 

ndex,  mean  stand  diameter,  and  cjuadratic  mean  stand  diameter.   Moser's  (1'.>7J)  work  suggested 

he  latter  two  inde|iendent  varialiles.   The  definitions  of  all  variables  used  to  pretlict  total 
ngrowth  are  found  in  table  .'^3. 

In  the  first  pliase  of  the  regression  analysis,  a  set  of  screening  runs  was  made  on  tlie 
irgin,  uneven-aged  data  and  on  the  managed,  inieven-aged  data  using  program  RhX.   Tlie  valuables 
ere  divided  into  sets  and  groups  as  defined  in  table  34,  and  tlie  comlii  nat  i  ons  selected  were 
lade  by  pic]\ing,  at  most,  one  set  from  each  group.   Tliis  resulted  in  (i,334  regressions  being 
xamined  for  each  data  set. 

From  these  screening  riuis,  seven  of  the  most  promising  models  were  selected,  tlieir 
■egression  coefficients  were  determined,  and  then  examined  for  reasonalU  eness  of  beliavior 
•etween  data  sets.   A  preliminary  analysis  was  also  made  concerning  normality  of  residuals, 
'he  skewness  and  kurtosis  statistics  indicated  that  the  residuals  were  not  batll}-  "nonnormal," 
nd  therefore  "t"  tests  could  be  used  to  rouglil}'  check  the  significance  of  tlie  regression 
oef f icients . 

Based  on  the  reasonableness  and  significance  criterion,  tlie  six  original  basal  area 
lasses  (BCj,  BCo,  BC3,  BClj  ,  BC5,  BCg)  were  collapsed,  first  to  the  three  classes  (BCj  ;  BCo 

BC3;  BCu  +  BC5''+  BCg)  and  ultimately  to  two  classes  (BCj;  BCo  +  BC3  +  BCi,  +  BCr  +  BC^J  . 
'he  latter  two  classes  were  redefined  as  BACLj  and  BACLo . 

The  next  step  \\ii\s   to  combine  the  virgiti  and  managed  data  sets.   The  two  best  models  from 
he  previous  set  of  rims  were  chosen,  and  two  new  screening  runs  were  made.   These  runs  "forced' 
he  basic  models  upon  the  combined  data  sets  and  then  allowed  adjustment  for  t ime-s i nee- last - 
utting  by  screening  all  combinations  of  the  products  of  the  independent  variables  vvith  the 
hree  time-since-last -cutting  variables  (Aj,  A2,  and  A3).   (The  definitions  of  groups,  sets, 
nd  variables  are  found  in  table  35.) 

An  examination  of  the  runs  disclosed  that  the  signs  of  the  coefficients  on  both  in( site 
ndex)  and  in(4-inch  diameter  class  basal  area  growth)  were  negative.   This  was  not  considered 
easonable.   The  desire  to  have  site  index  as  a  component  of  the  total  ingrowth  model  dictated 
hat  a  reasonable  function  of  site  index  be  "forced"  u]")on  the  model  by  fitting  in(Total 
ngrowth/Site  Index)  as  the  dependent  variable.   This  approach  was  the  same  as  used  earlier  in 
eveloping  the  basal  area  growth  equations.   Another  screening  run  was  jierformetl  using  the 
ame  strategy  as  for  model  1  of  table  35;  except  the  infsite  index)  independent  \'ariable  was 
liminated.   From  this  run,  I  concluded  that  the  basal  area  classes  could  be  furthei-  collajised 
o  the  final  two  classes  BACLj  and  BACL-' .   A  final  screening  run  was  then  made  to  provide  the 
'ollowing  log  model: 
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Table  33 . --Definition   of  variables   used   to  model    ingrowth 


Variable  Definition 


BJBAGl-4"  Predicted  basal  area  growth  of  the  4-inch  diameter  class 

using  the  even-  and  uneven-aged  blackjack  pine  equation 

BJBAG2-4"  Predicted  basal  area  growth  of  the  4-inch  diameter  class 

using  the  uneven-aged  blackjack  pine  equation 

S  Minor's  (1964)  site  index 

C  Predicted  number  of  cones  per  acre  per  year 

MD  Mean  stand  diameter 

QMD  Quadratic  mean  stand  diameter 

TIME  Time-since-last-cutting 

T  Total  number  of  trees  per  acre 

BA  Total  basal  area  per  acre 

BC\  Basal  area  in  the  4-inch  through  6-inch  diameter  classes 

BC2  Basal  area  in  the  7-inch  through  9-inch  diameter  classes 

BC3  Basal  area  in  the  10-inch  through  15-inch  diameter  classes 

BC[^  Basal  area  in  the  16-inch  through  21-inch  diameter  classes 

BC5  Basal  area  in  the  22-inch  through  27-inch  diameter  classes 

BCg  Basal  area  in  the  28+-inch  diameter  classes 

TCi  Total  number  of  trees  in  the  4-inch  through  6-inch  diameter  classes 

TC2  Total  number  of  trees  in  the  7-inch  through  9-inch  diameter  classes 

TC3  Total  number  of  trees  in  the  10-inch  through  15-inch  diameter  classes 

TCi+  Total  number  of  trees  in  the  16-inch  through  21-inch  diameter  classes 

TC5  Total  number  of  trees  in  the  22-incli  through  27-inch  diameter  classes 

TCg  Total  number  of  trees  in  the  28+-inch  diameter  classes 

BMDj  -  Basal  area  in  the  diameter  class  of  mean  stand  diameter  plus  the 

adjacent  diameter  classes 

BMD2  Basal  area  in  the  diameter  class  of  mean  stand  diameter  plus  the 

adjoining  four  diameter  classes 

BMD3  Basal  area  in  the  diameter  class  of  mean  stand  diameter  plus  the 

adjoining  six  diameter  classes 

TMDi  Number  of  trees  in  the  diameter  class  of  mean  stand  diameter  plus 

the  adjacent  diameter  classes 

TMD2  Number  of  trees  in  the  diameter  class  of  mean  stand  diameter  plus 

the  adjoining  four  diameter  classes 


TMD: 


Number  of  trees  in  the  diameter  class  of  mean  stand  diameter  plus  the 
adjoining  six  diameter  classes 
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Talilo    3i  .- -Sped  t  icut  ion   of   groups, 


sets,    and    variables    for    first 
scroenin<i   runs 


it     totjj      1  ll'l!  owl  li 


Var  ialih 
number 


8 
9 
10 
11 
12 
15 
14 
15 
lb 
17 
18 
19 
20 
21 


24 
25 
2f) 
27 
28 
29 
50 
51 
52 
55 
54 
55 
56 
57 
58 
59 
40 
41 
42 
45 
44 
45 
46 


Croup 
number 


Set 
number 


11) 
1 


II) 
1  1 


Variabli 

iniB.lHACl 
//ilH.IBAC.' 

IniC.) 

i  ;i  (  S  ) 

/jilMli) 

.■/iinMli 

liii'Y) 

/;;(BM 

7;j|IU;, 

Inl HC  . 

i/idiCi, 

jniw:., 

inlBC, 
i;/(BMl) 
in  IBM!) 
!n{ HMD 
i/;(T(:, 

infix:. 
ini'n: , 

infTC, 

ir/ITC, 

inCI'C,, 

]n(TMl) 

in  I  TMll 

in  (I'Ml) 

T 

BA 

BA'-"' 

BC, 

BC,. 

BC, 

Bc:,, 

BC:, 

BC, 

BMlC 
BMI),. 
BMI1-. 

Tc:i 

•I'C;. 

TC  i 

■\x.^ 

TC. 

TC, 
TMll, 
I'Mli 
TMl  1  .: 


I")    i.r 
1") 


81 


tu 

,-H 

X^ 

a 

■r-i 

U 

rt 

^ 

^H 

4J 

OJ 

CD 

X) 

oo 

K 

D 

C 

CI. 

!h 

3 

a; 

o 

,n 

(-1 

e 

CJ 

D 

c 

a; 

,— ( 

^H 

^ 

cu 

cxi 

x^ 

•H 

H 

^H 

D 

rt 

C 

> 

o 

,-H 

,£3 

rt 

■rH 

M 

'A 

^< 

•P 

<a 

aj 

XI 

C/1 

£ 

D 

ex 

P 

3 

QJ 

o 

X) 

(-. 

H 

CJ 

3 

a; 

r— 1 

^H 

JD 

0) 

rt 

J3 

•  H 

K 

(h 

n 

n) 

C 

<  < 

02    OQ 


(0 

C" 

< 

■a- 

CQ 

ca 

r-H  CM 


— .  CM 


m  .— . 


O 


u 

CQ 


CO 


CQ 

u 

CQ 

U 

CQ 

oa 

U 
CQ 

Ln 

in 

in 

q 

q 

q 

q 

q 

< 
OQ 

< 
03 

oa 

CO  ^H 


^  CNl 


-H  CM 


.—I         r^g 


O 


82 


lere 


iri(Total    Ingrowth)    =   b^    +   25iin(BACLi)    +   hoinCBACLoJ    +   b-^lik^  •''   + 

iJuAjBAi-^    +    in(S)  ((,) 

Jbo  =  -7.75817566 

bi    =  0.706329932 

i?2    =    1.97156496 

233    =    -S.04455668E-05 

b^    =    -2.69619979E-03 

BACLj  -   basal  area  in  the  4-  through  6-inch  diameter  classes 

BACLo  =  basal  area  in  tlie  7  +  -inch  diameter  classes 

BA  =  total  basal  area 

A]  =  time-since-last -cut t ing  transform 

S  =  Minor's  site  index. 

le  skewness  statistic  for  this  model  was  1.10468,  and  the  kurtosis  statistic  was  3.55S24. 
lese  statistics  indicate  a  moderate  amount  of  "nonnormality . "  Examination  sliows  tlie 
;siduals  were  divided  into  two  groups.   One  group  represented  the  zero  valued  ingrowtli 
)servations  (which  has  been  set  to  a  very  small  positive  number  when  fitting  the  log  models). 

The  strange  behavior  of  the  residuals  did  not  appear  reasonable.   Therefore,  the  ant i - 
)g  of  model  6  was  fitted  to  the  total  ingrowth  data  through  linear,  least  squares  regression 
irougli  the  origin,  to  produce  the  following  model: 

Total  ingrowth  =  aoS(BALLi)  HBACL2)  '^  e   ^     '         ^    i  j  ^yj 

lere 

ag  =  1.416S0289 

bQ,    bi  ,    ...,    bu,    =   regression  coefficients  from  model  (6). 

le  skewiiess  statistic  for  this  model  was  0.818989,  and  the  kurtosis  statistic  was  2.11519. 
lese  values  indicate  that  the  residuals  about  model  (7)  are  more  normally  distributed  than 
lose  about  model  (6).   Also,  the  residuals  were  in  one  group  about  the  model,  and  they 
icreased,  indicating  a  necessity  to  weight  the  model. 

To  determine  the  proper  weighting  scheme,  the  residuals  were  divided  into  seven  predicted 
)tal  ingrowth  classes,  and  the  variance  for  each  class  was  then  computed.   Using  these  data, 
le  following  model  was  then  developed: 

Variance  =  8.42590476  +  3  . 1 1147074  (YIIATJ  "•  ^^'^^^'^•"^^  (S) 

lere 

YliAT  =  iiredicted  ingrowth  from  model  (7")  . 
le  reciprocal  of  predicted  variance  then  provides  the  weights  necessary  in  weiidited  regression, 


Because  of  the  behavior  of  the  residuals,  it  was  concluded  that  a  weighted  nonlinear 
regression  model  was  the  most  appropriate  model  for  total  ingrowth.   Using  the  model  form 
and  initial  parameter  values  of  model  (7)  and  the  weights  derived  from  model  (8),  a  weighted, 
nonlinear  regression  run  was  made  to  provide  the  following  model: 

Total  ingrowth  =  coS(BACLi)  ^  (BACL2)  -  e^  ^        b  1     ^  ^-g 

where 

Co  =  0.42994711 

ci  =  0.66118156 

C2  =  -0.46026739 

C3  =  -4.8091408E-06 

C4  = 

C5  =  -1.6118274E-06. 

This  model  behaves  well  except  when  BACL2  approaches  zero,  which  causes  the  model  to 
"blow  up."  To  control  this,  a  value  of  1.0  was  added  to  BACL2,  and  the  final  weighted,  non- 
linear model  was  fitted. 

Through-Growth  Model  Development 

Program  RISK  was  used  to  develop  the  through-growth  model.   It  was  hypothesized  that 
througli-growth  would  most  likely  be  correlated  with  predicted  basal  area  growth  in  the  4-inch 
diameter  class  (BJBAGl-4"  and  BJBAG2-4")  and  with  predicted  total  ingrowth  (TINGRO) .   Using 
these  two  independent  variables  and  the  time-since-cutting  variable,  A;^ ,  RISK  runs  1  through 
10  listed  in  table  36  were  made.   Analysis  of  these  runs  indicated  that  the  two  best  independ- 
ent variables  for  predicting  through-growth  were  BJBAGl-4"  (or  BJBAG2-4")  and  Aj  *TINGRO. 
Using  these  independent  variables,  runs  11  and  12  were  made,  and  the  chi-square  "goodness-of- 
fit"  statistics  across  predicted  basal  area  growth  classes  and  across  predicted  through-growth 
classes  were  computed.   Across  predicted  basal  area  growth  classes,  the  tests  were  insignif- 
icant at  the  99  percent  testing  level  (tables  37  and  38) .   Across  predicted  through-growth 
classes,  the  model  with  BJBAGl-4"  was  also  insignificant;  however,  the  model  with  BJBAG2-4" 
was  significant.   This  latter  test  result  was  very  surprising  because,  up  to  this  point,  the 
two  blackjack  pine  basal  area  growth  equations  behaved  consistently  in  relation  to  each  other. 
Comparison  of  the  mean  squared  errors,  "t"-values,  regression  coefficients,  and  mean  predicted 
basal  area  growths  all  indicate  that  the  two  independent  variables,  BJBAGl-4"  and  BJBAG2-4", 
and  the  two  models  do  not  differ  greatly.   This  conclusion  is  further  substantiated  by  the 
similarity  of  the  results  for  chi-square  tests  across  predicted  basal  area  growth  classes. 
It  was  decided,  therefore,  to  ignore  this  chi-square  test  and  accept  model  12  as  being  the 
final  model  for  BJBAG2-4". 
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Table  56. --Listing  of   through-growth   models    tested 


Model 
number 


Independent  variables 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 


B.)BAGl-4" 
B,JBAn2-4" 
BJBAGl-4" 
B.1BAG2-4" 
B.IBACl-4" 
BJBAG2-4" 
BJBAGl-4" 
B.JBAG2-4" 
B.JBAGl-4" 
B.IBAG2-4" 
B,JBAGl-4" 
BJBAG2-4" 


TINGRO,  Ai*B.IBAGl-4",  A]*TlNc;Rn,  Aj 

TIXGRd,  Ai*B,IBAG2-  1",  Ai*Tl.\(;kn,  Aj 

TIN'GRO,  A, 

TINGRO,  Ai 

TINGFin,  A|*B.IBAGl-4" 

TINGRO,  Ai*BJBAG2-4" 

TINGRO,  Ai*TINGRO 


TINGRO,  Ai*TINGRO 


TINGRO 
TINGRO 


Ai*TINGRO 


Ai*TINGRO 


ble  5S . --Chi-square    test   across   predicted   basal    area    growth   classes   for   final    through-growth 

model    involving  BJBAGl-4" 


Predicted 

basal  area 

growth  class 

Total  number 

of  in  growth 

trees  in  class 

Actual 

through - 

growth 

Predicted 
through- 
growth 

Chi-s<.|uare 
value 

0.000  - 

0.055 

80 

IS 

11.92 

3.1 

.055  - 

.040 

553 

82 

94.57 

1.7 

.040  - 

.045 

715 

134 

159.15 

0 

.045  - 

.050 

493 

112 

105.78 

.4 

.050  - 

.055 

614 

153 

141.42 

.5 

.055  - 

.060 

431 

120 

110.95 

.7 

.060  - 

.065 

267 

67 

75.97 

1.1 

.065  - 

.070 

142 

54 

44.75 

2.6 

.070  + 

50 

20 

21.73 

.1 

Chi 

-scjuarc  sta1 

ist  ic  =  10.4 
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Table  3S . --Chi-sguare   test   across  predicted  basal    area   growth  classes   for  final    through-growth 

model    involving  BJBAG2-4" 


Predicted 

basal  area 

growth  class 

Total  number 

of  in  growth 

trees  in  class 

Actual 
through- 
growth 

Predicted 
through - 
growth 

Chi-square 
value 

0.000  - 

0.035 

80 

18 

12.11 

2.9 

.035  - 

.040 

553 

82 

95.19 

1.8 

.040  - 

.045 

715 

134 

139.54 

.2 

.045  - 

.050 

493 

112 

105.75 

.4 

.050  - 

.055 

614 

133 

141.12 

.5 

.055  - 

.060 

431 

120 

110.62 

.8 

.060  - 

.065 

267 

67 

75.63 

1.0 

.065  - 

.070 

142 

34 

44.61 

2.5 

.070+ 

50 

20 

21.86 

.2 

Clii-square  statistic  =  10.3 
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APPENDIX  H 

DEVELOPMENT  OF  HEIGHT  EQUATIONS 
Even-aged  Height  Equation 

An  examination  of  the  Taylor  Woods  heiglit  data  showed  that  average  diameter  elass  height 

increased  asymptotically  to  the  height  predicted  by  Minor's  (1964)  height  ecjuation,  as  tlie 

diameter  class  si^e  approaclied  the  maximum  for  the  stand.   Functionally,  tliis  In-havior  can  t:>e 
expressed: 

Hp  =  MH  -  i:)i(MH-4.5)(1.0  -  -^f . 

Vith  this  function,  average  height  of  the  diameter  class  (H  )  approaches  the  height  predicted 
oy   Minor's  (1964)  equation  (MH)  as  diameter  class  si::e  (D)  approaches  the  maximum  diameter 
:lass  size  that  the  stand  has  acliieved  in  its  development  (DM).    Conversely,  II  approaches 
i.S'jbi  as  D  approaches  zero.   How  quickly  H  approaches  H  depends  upon  the  value  of  n;    the 
larger  its  value  the  quicker  H  will  approach  II  as  D  increases. 

The  following  model  was  used  to  determine  the  appropriate  values  of  i)j  and  n: 

H-4.5  n 

By  varying  n   between  1.0  and  2.5  at  increments  of  0.05,  30  different  independent  variables  were 

formed.   An  all -combination  screening  run  using  least  squares  regression  through  the  origin  was 

then  used  to  first  select  the  best  value  of  n  and  then  to  compute  the  regression  parameter (i?] ) . 
rhe  resulting  RMSQR  for  the  final  model  was  0.1419. 


Uneven-Aged  Height  Equation 


A  number  of  model  forms  have  been  proposed  for  characterizing  height  as  a  function  of 
iiameter,  including: 

H  =  4.5  +  are   ^zCD-K)""'  ^^^ 

i?3(inD)2 
H  =  4.5  +  jbi-D  2.e   ■"  (2) 

rhe  parameters  K  and  m  of  model  (1)  have  either  been  fixed  at  values  of  zero  and  one  respec- 
tively (Curtis  1967;  Embry  and  Gottfried  1971;  Burkhart  and  Strub  1974),  or  tliey  have  been 
included  as  regression  parameters  (Monserud  1975).   Values  of  the  parameters  have  been  deter- 
mined either  through  the  logarithm  transformation  and  linear  regression  process  for  models  (1) 
and  (2)  (Curtis  1967;  Embry  and  Gottfried  1971;  Burkhart  and  Strub  1974),  or  they  have  been 
determined  through  nonlinear  regression  for  model  (1)  (Monserud  1975). 

To  incorporate  the  expected  effect  of  site  index  ujion  these  height-diameter  models,  the 
following  models  were  designed: 

C3(D+K)""' 
H  =  4.5  +  ci-s'^^'e  (3) 

H^4.5.d,.S^2./^-S.(D.KJ-  (4) 

H  =  4.5  .  ei.S^2.De3.^e,(inD)^  ^^^ 
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Models  (3)  and  (4)  are  variations  of  model  (1) .   Model  (3)  scales  the  basic  height-diameter 
curves  by  the  stand's  site  index,  while  model  (4)  also  allows  a  site  index  related  shift  in 
the  form  of  the  height-diameter  curve.   Model  (5)  is  a  form  of  model  (2)  in  which  the  basic 
height -diameter  curve  is  scaled  by  site  index.   In  applying  these  models  to  diameter  classes, 
the  dependent  variable  was  defined  as  the  average  height  of  the  Dth  diameter  class  for  a  stand 
with  site  index  of  S. 

To  fit  models  (3),  (4),  and  (5)  to  the  uneven-aged  height  data,  they  were  first  transformi 
by  use  of  natural  logarithms  to  the  following: 

in(Hp-4.5)  =  fi  +  f2-lnS   +  fj-CD+K)'"'  (6) 

i/i(Hp-4.5)  =  gi  +  gzlnS   +  gs -S- (D+K)  """  (7) 

2 
Jn(H  -4.5)  =  hi  +  h2lnS    +  h^lnY)   +   hi^ilnS)  (8) 

For  models  (6)  and  (7),  screening  runs  were  then  made  with  values  of  K  ranging  from  0.0  to 
40.0  and  values  of  m   ranging  from  0.1  to  4.0.   Model  (8)  was  fitted  using  a  single  least 
squares  regression  run.   The  three  models  were  then  tabulated  over  D  and  S  to  check  for  reason- 
ableness of  behavior,  their  residuals  were  plotted  over  predicted  average  height  to  determine 
homogeneity  of  variance,  and  the  residuals  were  also  examined  for  normality.   The  final  model 
form  selected  was  (6)  with  K  =  35.0  and  n   =   2.0.   The  residuals  about  this  model  were  normally 
distributed  with  homogeneous  variance,  and  therefore  the  lognormal  bias  correction  proposed 
by  Oldham  (1965)  and  Baskerville  (1972)  could  be  used.   This  correction  consisted  of  adding 
one-half  the  mean-squared  error  (0.030203189)  to  the  intercept  of  model  (6)  and  then  taking 
the  antilog  of  model  (6)  to  obtain  the  final  uneven-aged  height  model.   As  an  index  of  fit, 
the  RMSQR  for  the  final  log  model  was  0.1270. 
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APPENDIX  I 
EXAMINATION  OF  STATISTICAL  TESTS  USED  IN  VALIDATION 

To  pursue  possible  statistical  procedures  for  testint;  differences  between  actual  and 
predicted  diameter  distributions,  I  conducted  a  literature  review  of  the  validation  techni<iue; 
used  in  operations  research.   Of  those  methods  described  by  Mihram  (1972a,  li)7Jb),  Van  Horn 
(1971),  and  Kleijnen  (1974),  two  seemed  appropriate  for  additional  evaluat ion--the  chi-scjuare 
"goodn^ss-of-f it"  test  and  ordinary  least  squares  regression. 

The  chi -square  "goodness-of -f it"  test  statistic  can  be  computed  as: 


X 


2    Y   (N  .  -  np .) 


1 


.  ,     np  . 
1  =  1  1 


where 

X^  =  computed  test  statistic 
n   =  total  number  of  observations 

N.  =  number  of  observations  that  fell  into  tlie  ith  class 

1 

p.    =  theoretical  probablity  of  an  observation  falling  into  the  ith  class 

k  =   total  number  of  classes. 

This  statistic  is  normally  used  to  test  the  frequency  distribution  of  test  data  against  a 
theoretical  distribution  (Snedecor  and  Cochran  19b7;  Kmenta  1971).   Therefore,  it  seemed  to  be 
a  natural  statistic  for  testing  an  observed  diameter  distribution  against  a  theoretical  (or 
predicted)  diameter  distribution.   An  examination  of  the  assumptions  underlying  this  test, 
however,  revealed  problems  that  render  the  usage  of  the  chi-square  "goodness-of-f it"  statistic 
for  testing  diameter  distributions  questionable,  if  not  inappropriate. 

The  foundation  of  the  chi-square  test  is  the  multinomial  distribution.   If  the  assumptions 
of  multinomial  distribution  can  be  met,  then  the  limiting  distribution  of  the  chi-scpiare 
"goodness-of -fit"  statistic  is  the  chi-square  distribution.   The  two  assumptions  of  the  multi- 
nomial distribution  of  interest  are:  (1)  the  probability  of  an  observation  being  in  the  ith 
class,  p.,    is  fixed;  and  (2)  the  number  of  observed  values  in  each  class  must  sum  to  n    (Mood 
and  others  1974;  Kendall  and  Stuart  1975). 

Translating  these  assumptions  to  the  problem  at  hand,  the  first  assumption  would  state 
that  the  probability  of  a  tree  being  in  a  specified  diameter  class  is  fixed.   Wliile  this 
assumption  appears  to  be  unreasonable,  it  may  be  possible  to  define  tlie  p.'s  as  being  condi- 
tional upon  site  and  stand  conditions.   Therefore,  p.  would  be  the  probabilit)'  of  a  tree  being 
in  the  ith  diameter  class  at  the  end  of  the  growth  period  given  the  present  diameter  tlistri- 
bution  and  the  specified  site  index  and  t imc-since- last -cutt ing . 

The  second  assumption  states  that  the  total  number  of  trees  in  the  observed  diameter 
distribution  must  equal  the  total  number  of  trees  in  the  predicted  diameter  distribution.   To 
achieve  this  condition,  upgrowth,  ingrowth,  mortality,  and  conversion  from  blackjack  tt>  \'ellow 
pine  must  be  predicted  exactly--and  this  is  highly  unlikely.   Tlierefore,  while  the  prt)blem 
with  the  first  assumption  may  be  avoidable,  violation  of  tlie  second  assumi)tion  seems  unavoid- 
able.  As  a  result,  the  use  of  the  chi-square  "goodness-of -fit"  statistic  for  testing  differences 
betv\;een  predicted  and  actual  diameter  distributions  is  Judged  to  be  inap|)ropr  i  at  e . 
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The  basic  model  for  the  ordinary  least  squares  regression  approach  is: 

Y  .    =   a   +  bY .    +   e . 

1  11 

where 

Y  =  actual  value  of  a  variable  (or  actual  output  of  the  model) 
i 

Y  =  predicted  value  of  a  variable  (or  predicted  output  of  the  model) 
i 

a,b  =   regression  coefficients 

e.  =  a  random  deviate. 

1 

An  intercept  (a)  of  zero  and  a  slope  (i?)  of  one  would  indicate,  presumably,  that  the  predicted 
output  of  the  model  is  an  unbiased  estimate  of  the  actual  output  of  the  model  (Cohen  and  Cyert 
1961;  Kleijnen  1974).   If  the  random  deviates  are  distributed  normally  with  mean  zero  and 
hemogeneous  variance,  then  standard  tests  can  be  used  to  determine  if  the  intercept  is  signifi- 
cantly different  from  zero,  and  if  the  slope  is  significantly  different  from  one  (Draper  and 

Smith  1966).   Aigner  (1972)  has  shown  that  the  predictive  model  Y  must  be  deterministic  for 
this  approach  to  be  legitimate;  and  the  simulator  developed  in  this  study  is  deterministic. 

In  applying  this  technique  to  actual  and  predicted  number  of  trees  in  a  diameter  class, 
the  t-tests  for  determining  the  significance  of  the  intercept  and  slope  from  zero  and  one, 
respectively,  did  not  prove  to  be  very  useful  for  making  comparisons  and  decisions.   Tests 
were  found  in  which  the  intercept  and  slope  were  greatly  different  from  their  expected  values, 
but,  because  of  the  high  degree  of  impreciseness  between  actual  and  predicted  values  (that  is, 
because  of  the  high  MSE  of  the  regression),  the  tests  were  "insignificant."  Conversely,  an 
intercept  and/or  slope  not  greatly  different  from  its  expected  value  was  often  found  to  be 
"significantly"  different  if  a  low  MSE  existed  (that  is,  where  predictions  were  highly  precise) 
This  limitation  of  the  regression  t-tests  is  the  same  as  attributed  by  Freese  (1960)  to  the 
paired  t-test. 

Another  statistical  test  considered  for  use  in  validation  was  the  Kolmogorov-Smirnov  (K-  1 
S)  test.   The  standard  K-S  test  was  developed  for  continuous  distributions.   Because  the 
diameter  distribution  data  are  discrete,  application  of  the  standard  K-S  test  to  it  would  have 
resulted  in  conservative  tests  (Conover  1971) .   A  discrete  K-S  test  had  been  reported  in  the 
literature  (Conover  1972;  Horn  1977),  but  the  time  and  expense  of  developing  and  applying  the 
required  computer  program  was  judged  too  great  for  this  study.  i 
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APPENDIX  J 
DESCRIPTION  OF  CONTROL  CARDS 


Field  function 


Value 


Column 


Name 


■or  mat 


Card  1 


tie  of  job 


1-80 


TrriJi 


:()A. 


Card 


nor's  (1964)  site  index  XXX. X        1-S 

imber  of  5-year  growth  periods 
in  run  (<_80J  XX        7-8 

imber  of  5-year  growth  periods  since 
last  cutting  in  stands  (1<1'CUT<_60)  . 
Set  to  60  for  virgin  stands.  XX       10-11 

■east  height  stand  age.   Set  to  zero 

for  uneven-aged  stands.  XXX       13-15 

itting  scheme 

No  cutting  0         17 

Removals  are  standard  for  all  cuts  and 

are  designated  by  diameter  classes.  1 

Removals  are  specified  for  each  cut  and 

are  desigriated  by  diameter  classes.  2 

Removals  are  specified  for  each  cut  and 

are  designated  by  thinning  ty]Te.  3 


F5 . 1 


N'(;P 


'I'CUT 


ACi; 


.ICIJT 


!-3.n 


II 


tting  specifications 

Residual  trees  per  diameter  class  is 

specified  in  number  of  trees 

(to  be  used  with  JCUT=1  or  2).  1 

Residual  trees  per  diameter  class 

is  specified  as  a  proportion 

(to  be  used  with  JCUT=1  or  2J .  2 

Residual  total  stand  basal  area  is 

specified  (to  be  used  with  JCUT=3) .  3 

Residual  total  number  of  trees  in  stand 

is  specified  (to  be  used  with  ,JCIJT=31  .  4 

oportion  of  mortality  to  be  recovered 

in  thinnings  X.XXXX 

oportion  of  removals  to  come  from  below 

when  thinning  from  both  above  and  below 

(to  be  used  when  JCUT=3  and  thinning 

type  =4).   Set  to  0.0  if  JCUTA3  or 

thinning  type  f^.  X.XXXX 


19 


:i-26 


?8-33 


SCUT 


MORl^l-C 


PRORliM 


11 


F6.4 


1-0.4 
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Field  function 


Value 


Column 


Name 


Format 


Card  3 


A  "C"  punched  in  columns  whose  ordinals 

are  the  growth  periods  for  which  cutting 

is  to  occur.   Blank  if  no  cutting  is  to 
occur. 


C  or  blank 


1-80 


NC 


80A1 


Card(s)  4,. .. ,N1 
From  1  to  as  many  as  6  cards 

Initial  blackjack  pine  array 

Note:  Omit  if  no  blackjack  pine. 


For  each  card: 
Card  type 

Diameter  class  (545] 
Number  of  trees  in  diameter  class 
Diameter  class  (£45) 
Number  of  trees  in  diameter  class 


INITIAL  BJ 

1-10 

CHECK 

A4,  6X 

XX 

12-13 

ID(1) 

12 

XXX. XX 

15-20 

T(l) 

F6.-2 

XX 

12-23 

ID(2) 

12 

XXX. XX 

25-30 

T(2) 

F6.2 

Diameter  class  (f^45) 

Number  of  trees  in  diameter  class 


XX 

XXX. XX 


72-73 
75-80 


ID(7) 
T(7) 


12 
F6.2 


Card  Nl+1 
Card  type  DONE       1-4 

(This  card  must  be  present, 
even  if  no  blackjack  pine) 

Card(s)  Nl  +  2,.  .  ._,N2 
From  1  to  as  many  as  6  cards 

Initial  yellow  pine  array 

Note:  Omit  if  no  yellow  pine 

For  each  card: 

Card  type  INITIAL  YP       1-10 

(Rest  of  card  same  as  for 
initial  blackjack  pine  cards) 

Card  N2+1 

Card  type  DONE       1-4 

(This  card  must  be  present, 
even  if  no  yellow  pine) 

Card(s)  N2-t-2,  .  .  .  ,N3 
For  JCUT=1  or  2,  only  (for  JCUT=3,  go  to 

next  definition  of  these  cards) 
From  1  to  as  many  as  6  cards 

Blackjack  pine  cutting  array 

Note:  Omit  if  no  blackjack  pine  cutting 


CHECK 


CHECK 


CHECK 


A4 


A4,  6X 


A4 
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Field  function 


Va  lue 


Column 


Name 


or  each  card: 
Card  type 
Diameter  class 


■AS) 


If  SCUT=1,  number  of  residual 

trees  in  diameter  class 

If  SCUT=2,  proportion  of  diameter 

class  to  be  uncut 

Diameter  class  (<45) 

If  SCUT=1,  number  of  residual 

trees  in  diameter  class 

If  SCirr=2,  proportion  of  diameter 

class  to  be  uncut 


Diameter  class  (;^45) 

If  SCUT=1,  number  of  residual 
trees  in  diameter  class 

If  SCUT=2,  proportion  of  diameter 
class  to  be  uncut 

Repeat  the  above  card  ty])c  until 

all  diameter  classes  are  defined. 


Card(s)  N2-f2,  .  .  .  ,N5 
For  JCUT=5,  only  (for  JCUT  1  or  2 ,  go 

to  previous  definition  of  these  cards) 
From  I  to  as  many  as  27  cards 

binning  array 

Note:  Omit  if  no  thinning 


CUTTING   B.I 

1-10 

CIIF.CK 

XX 

1  2  -  1  .-^ 

ID(  1  ) 

XXX. XX 

ir>-2() 

T(I) 

X.XXXX 

IS -20 

Td) 

XX 

22-23 

H'U'J 

XXX. XX 

25-50 

T(2J 

X.XXXX 

25-50 

T(2) 

XX 


XXX. XX 


X.XXXX 


or  each  card: 
Card  type 

rowth  period  for  thinning 

(Order  of  thiiniings  on  card 
need  not  be  sequential) 

binning  type: 

Thinning  from  below^ 
Thinning  from  above^ 
Thinning  from  below  and  above 
Thinning  proportionally  across 
all  diameter  classes'^ 


THINNINGS 
XX 


72-7: 


75-80 


75-80 


1-9 
12-15 


15 


ID(7) 


T(7) 


T(7) 


ID(2) 


Format 

Al,  (.X 
12 

!•■().  2 

12 

F(>.2 
F6.4 


■(). 


F(i.4 


ClII-.CK        .'\4,  5X 
IDd)  12 


II 


^Thinning  from  below  is  tlie  removal  of  trees  from  the  smallest  diameter  class  first. 

^Thinning  from  above  is  the  removal  of  trees  from  the  largest  liiameter  class  first. 
Proportional  or  random  thinning  is  tlie  removal  of  basal  area  (SUC=5)  or  trees  (SC^WT^l) 
roportional ly  from  all  diameter  classes.   The  form  of  the  basal  area  or  diameter  tl  i st r i but i on 
fter  thinning  will  be  the  same  as  that  before  tliinning. 


Field  function 

If  SCUT=3,  residual  blackjack  pine 
Basal  area  after  thinning 

If  SCUT=4,  residual  blackjack  pine 
Number  of  trees  after  thinning 

If  SCUT=5,  residual  yellow  pine 
Basal  area  after  thinning 

If  SCLIT=4,  residual  yellow  pine 

Number  of  trees  after  thinning 

Growth  period  for  thinning 

Thinning  type 

If  SCUT=3,  residual  blackjack  pine 
Basal  area  after  thinning 

If  SCUT=4 ,  residual  blackjack  pine 
Number  of  trees  after  thinning 

If  SCUT=3,  residual  yellow  pine 
Basal  area  after  thinning 

If  SrUT=4 ,  residual  yellow  pine 

Number  of  trees  after  thinning 

Growth  period  for  thinning 

Thinning  type 

If  SCUT=3,  residual  blackjack  pine 
Basal  area  after  tliinning 

If  SCUT=4 ,  residual  blackjack  pine 
Number  of  trees  after  thinning 

If  SCUT=3,  residual  yellow  pine 
Basal  area  after  thinning 

If  SCUT=4,  residual  yellow  pine 

Number  of  trees  after  thinning 

Repeat  the  above  card  type  until  all 

thinnings  specified  on  card  3  are  defined. 


Value 


Column 


Name 


Format 


XXX. XX 

18-23 

T(r 

F6.2 

xxxx.x 

18-23 

T(r 

)         F6.1 

XXX. XX 

25-30 

T(2; 

F6.2 

xxxx.x 

25-30 

T(2; 

)         F6.1 

XX 

32-33 

ID(3' 

)           12 

X 

35 

ID(4' 

)           11 

XXX. XX 

38-43 

T(3 

)         F6.2 

xxxx.x 

38-43 

-   T(3 

)         F6.1 

xxxx.x 

45-50 

T(4 

)         F6.2 

xxxx.x 

45-50 

T(4" 

)         F6.] 

XX 

52-53 

ID(5 

)           12 

X 

55 

ID(6 

)           11 

XXX. XX 

58-63 

T(5 

)         F6.2 

xxxx.x 

58-63 

TC5 

)         F6.I 

XXX. XX 

65-70 

T(6 

)         F6.2 

xxxx.x 

65-70 

T(6 

)         F6.1 

94 


Field  function 


Value 


Column 


Name 


■ormat 


Card  N3+1 


ird  type 

(This  card  must  be  present, 

even  if  no  blackjack  cutting  or  thinning) 

Card(s)  N5+2,. . . ,N4 
For  JCUT=1  or  2  only 
From  1  to  as  many  as  6  cards 

;llow  pine  cutting  array 

Note:  Omit  if  JCUT=3  or  if  no 
yellow  pine  cutting. 


DONE 


1-4 


CllHCK 


A4 


)r  each  card: 

Card  type 

[Rest  of  card  same  as  for 
blackjack  pine  cutting  cards) 

Repeat  the  above  card  type  until 
all  diameter  classes  are  defined. 


CUTTING  YP 


1-10 


CllliCK 


A4,  b\ 


Card  N4+1 


Card  type 

(This  card  must  be  present 

if  JCUT-1  or  2) 


DONE 


1-4 


CHECK 


■  JCUT=2,  then  cards  (N2+2)  to  (N4+1) 
are  repeated  for  as  many  times  as 
there  are  "C's"  punched  in  card  3. 

Card  N4+2 


Card  type  if  another  growth 
analysis  is  to  be  done 

Card  type  if  last  growth  analysis 


CONTINUE 
FINISH 


1-8 
1-6 


CHECK 
CHECK 


A  4 
A4 


CONTINUE,  then  repeat  cards  1  to  (N4+1)  for  the  new  analysis, 
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RESEARCH  SUMMARY 

Six  cutting  units  in  Douglas-fir/larch  logged  to  various  utilization  specifications  with  skyline  yarders 
were  examined  for  damaged  trees  after  logging  was  completed.  Damaoe  appeared  to  be  related  to  the 
total  number  of  stems  in  the  stand,  number  of  marked  leave  trees  (7.0  inches  d.b.h.,  18  cm)  and  to 
"yarding  conditions  such  as  slope. 

About  23  percent  of  the  leave  trees  in  two  shelterwood  cutting  units  were  killed  in  logging.  About  66 
percent  were  damaged  to  some  extent,  but  only  about  1  0  percent  had  moderate  to  serious  damage.  In 
treatments  where  loggers  attempted  to  protect  the  understory  trees,  about  40  percent  were  killed  or 
seriously  damaged. 
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INTRODUCTION 


Recently  there  has  been  renewed  interest  in 
partial  cutting  in  western  conifer  stands.  Histori- 
cally, much  of  the  virgin  forest  was  initially  logged 
selectively— removing  only  trees  of  high  value- 
but  for  most  of  the  past  three  decades  clearcutting 
has  predominated.  With  more  complex  manage- 
ment objectives  and  environmental  concerns, 
managers  are  now  frequently  turning  to  some  type 
of  partial  cutting.  They  are  asking  questions  about 
the  impacts  of  partial  cutting  on  costs,  silvicultural 
success,  esthetics,  wildlife,  and  other  manage- 
ment considerations. 

This  paper  reports  initial  logging  damage  to 
residual  trees  in  six  harvest  units  in  Douglas- 
fir/western  larch  (Pseudotsuga  menziesii/Larix 
occldentalis)  forests  at  the  Coram  Experimental 
Forest  (Flathead  National  Forest)  near  Hungry 
Horse,  Mont.  The  appraisal  includes  damage  to 
marked  "leave"  trees  in  two  shelterwood  units, 
and  damage  to  understory  conifers  in  clearcut  and 
group  selection  cutting  units  where  the  under- 
story was  to  be  protected. 

The  logging  was  part  of  a  larger  program  of 
studies  dealing  with  impacts  of  residue  utilization 
and  disposal.  (Detailed  plans  on  other  studies  are 
available  at  the  Hungry  Horse  Ranger  District  or 
Forestry  Sciences  Laboratory,  Missoula.) 

The  damage  reported  here  was  observed  within 
the  first  year  of  logging.  Secondary  effects  of 
windthrow,  insects,  and  disease  are  beyond  the 
scope  of  this  report,  but  are  being  followed  in  long- 
term  studies. 


SHELTERWOOD  LEAVE  TREE 
DAMAGE 

Description  of  the  Area  and 
Cutting  Units 

Two  shelterwood  cutting  units  (blocks  1 1  and 


21;  were  marked  so  as  to  leave  about  half  of  the 
volume  of  trees  7  inches  d.b.h.  (1  8  cm)  and  larger, 
and  to  provide  good  vigor,  spacing,  and  species 
diversity.  Within  each  cutting  unit,  four  utilization 
and  postharvest  treatments  were  used: 


Treatment 


Specifications 


1  All  material  at  least  8  feet  (2.4  m)  long  with 
at  least  a  3-inch  (7.6-cm)  diameter  (small 
end)  was  removed  (this  included  trees 
down  toa5-inch  [1  2.7-cm|  d.b.h.).  Residue 
was  burned  after  harvest. 

2  Trees  down  to  a  7-inch  (18-cm)  d.b.h.  were 
cut,  logs  down  to  a  6-inch  (15.2-cm)  top 
diameter  were  removed;  residue  was 
burned  after  harvest. 

3  All  trees  down  to  a  1-inch  (2.5-cm)  d.b.h. 
were  cut  and  removed;  the  area  was  left 
"as  is"  after  harvest. 

4  Trees  down  toa  7-inch(1  8-cm)  d.b.h.  were 
cut,  logs  8  feet  (2.4  m)  long  down  to  a  3- 
inch  (7.6-cm)  diameter  were  utilized;  re- 
maining trees  were  protected  as  far  as 
possible  and  left  as  advanced  regenera- 
tion. 

Although  the  two  units  had  many  similarities  and 
the  treatments  were  identical,  differences  in  ter- 
rain possibly  influenced  logging  damage.  The 
units  are  reported  here  as  separate  "case  studies" 
rather  than  as  replications. 

A  summary  of  the  preharvest  stand  conditions  is 
shown  in  table  1.  This  is  a  fairly  typical  fir-larch 
stand,  and  like  most  natural  stands,  fire,  disease, 
blowdown,  etc.,  have  left  a  mosaic  of  old  and  young 
trees.  This  is  reflected  in  the  variation  in  volumes 
among  treatments.  The  cut  tree  volume  as  cruised 
varied  from  4.5  to  9.5  M  bd.  ft./acre  (approximately 
63  to  133  mVha).  We  anticipated  that  about  15 
percent  of  the  leave  tree  volume  would  be  lost  in 
the  logging  process;  therefore  somewhat  more 
volume  was  removed  than  was  shown  in  the 
cruise. 


Table  1  .—Description  of  shelterwood  units  preharvest,  Coram  Experimental  Forest,  1974 


Item 


Unit  and  subtreatment 


11-1 


11-2 


11-3 


11-4 


21-1 


21-2 


21-3 


21-4 


Number  of  trees/acre 

Cut  trees,  7+  inches 

49 

39 

59 

46 

74 

71 

50 

64 

Leave  trees,  7+  inches 

66 

51 

73 

51 

98 

78 

65 

89 

Subtotal 

115 

90 

132 

97 

172 

149 

115 

153 

(Trees/ha) 

(284) 

(222) 

(326) 

(240) 

(425) 

(368) 

(284) 

(378) 

Other  trees 

5-7  inches 

85 

100 

65 

69 

155 

75 

115 

145 

<5  inches 

1,090 

1,045 

1,215 

1,063 

1,005 

960 

2,490 

2,060 

Total 
(Trees/ha) 


1,290       1,135        1,412        1,229       1,332        1,184       2,720       2,358 
(3  186)    (3  050)    (3  488)    (3  036)    (3  290)    (2  924)    (6  718)    (5  824) 


Volume 


Total  standing,  3+  inches 


cubic  feet/acre 

6,033 

3,854 

4,574 

3,835 

5,404 

2,958 

3,286 

4,232 

cubic  meters/ha 

(422) 

(279) 

(320) 

(268) 

(378) 

(207) 

(230) 

(297) 

Cruised  volume  of 

cut  trees 

M  bd.ft./acre 

9.5 

6.0 

8.4 

5.7 

8.7 

6.9 

4.5 

5.5 

Average  volume  of  cut 

trees,  bd.ft. 

193 

155 

142 

118 

117 

97 

89 

86 

Logging  Operations 

The  areas  were  logged  during  the  summer  of 
1 974.  Some  of  unit  21  was  logged  early  when  the 
sap  was  still  rising  and  the  trees  were  particularly 
susceptible  to  debarking  damage. 


The  logging  units  and  skyline  corridors  were 
located  as  shown  in  figure  1.  A  running  skyline 
yarder  was  used  for  both  uphill  and  downhill 
yarding,  and  in  these  units  the  skyline  spans 
ranged  between  450  and  1 ,200  ft  (1 37  and  366  m) 
(fig.  2).  A  live  skyline  yarder  was  used  only  in  uphill 
yarding  on  spans  ranging  between  500  and  800  ft 
(152  and  244  m). 


Figure    1.— Logging  units  and  sl<yline  corridors.  Coram  Experimental  Forest.  1974. 


■S      Figure  2.— Yarding  with  running  skyline. 


Damage  to  Leave  Trees 

The  damage  to  remaining  trees  is  summarized  in 
table  2.  These  are  called  leave  trees  here,  al- 
though some  of  the  remaining  trees  were  not 
originally  marked  as  leave  trees. 

The  type  of  damage  on  individual  trees  was 
recorded  in  great  detail  and  is  on  file  at  the 
Forestry  Sciences  Laboratory.  We  categorized 
damage  according  to  how  seriously  it  might  affect 
the  tree: 

Group  I  -  Marked  leave  trees  missing,  used  for 
spars,  or  will  die. 

Group  II  -  Stump  scars  10  in^(64cm^)  orgreater, 
and/or  heartwood  damage;  OR  broken  top  20 
percent  or  more  tree  height;  OR  bole  scar  <5  ft 
height  (1.5  m),  100  in^  (645  cm^)  or  greater. 

Group  III  -  Stump  scar  <10  in^  (64  cm^);  OR 
broken  top  <20  percent. 

Group  IV-V  -  Light  bole  scars,  broken  branches 

No  damage  -  No  damage  due  to  1 974  logging. 

On  the  average,  23  percent  of  the  marked  leave 
trees  were  killed  and  34  percent  of  all  remaining 
leave  trees  had  no  damage: 


Unit 

Percentage 

marked  leave 

trees  killed 

Percentage 

remaining 

trees  undamagec 

11-1 

19 

32 

11-2 

24 

50 

11-3 

24 

37 

11-4 

21 

41 

21-1 

23 

28 

21-2 

26 

33 

21-3 

16 

21 

21-4 

34 

32 

Average 


23 


34 


Some  of  the  cut  trees  were  subsequently  left  t 
replace  the  missing  leave  trees,  as  indicated  i 
table  2.  When  these  are  taken  into  account,  aboi 
45  percent  of  the  trees  over  7  inches  d.b.h.  n 
mained  after  logging. 


Table  2.— Status  of  shelterwood  trees  after  harvest 


Unit 

and  subtreatment 

Description 

11-1 

11-2 

11-3 

11-4         21-1 

21-2 

21-3 

21-4 

Preharvest  marked  leave 
trees/acre 
(No./ha) 

Postharvest 

66 
(163) 

51 
(126) 

73 
(180) 

1  r6BS  per  aero  — 

51              98 
(126)         (242) 

78 
(193) 

65 
(161) 

89 
(220) 

Leave  trees  missing 
or  killed  (Group  I) 
(No./ha) 

Damage  on  remaining 
trees 


12.7  12.5  17.4  10.5  22.5  20.3  10.2  30.7 

(31)  (31)  (43)  (26)  (56)  (50)  (25)  (76) 


Group  II 
Group  III 
Groups  IV-V 
None 

Total  trees 
remaining' 
(No./ha) 


5.4 

2.1 

5.1 

3.4 

12.2 

9.2 

8.2 

5.2 

3.1 

.5 

2.0 

.8 

5.1 

0.4 

2.6 

.6 

30.5 

16.5 

28.1 

25.8 

37.0 

28.3 

32.5 

40.7 

18.2 

19.4 

20.4 

20.6 

21.2 

19.2 

11.5 

21.7 

57.2 

38.5 

55.6 

50.6 

75.5 

57.7 

54.8 

68.3 

141) 

(95) 

(137) 

(125) 

(186) 

(142) 

(135) 

(169) 

Mn  units  1 1-1  and  21-1  the  marked  leave  trees  minus  the  killed  or  missing  leave  trees  do  not  equal  the 
total  trees  remaining  because  in  some  cases  unmarked  smaller  trees  were  left  as  replacement  for  leave 
trees  killed  in  logging  or  as  additional  leave  trees. 


Damage  and  Stand  Conditions 

We  hypothesized  that  stand  conditions  might 
affect  logging  damage,  and  to  test  this  we  devised 
a  scheme  for  making  simple  rank  correlation  tests. 
Each  of  the  eight  subtreatment  units  was  rated 
from  "1"  (most  favorable)  to  "8"  (least  favorable). 
We  used  four  measured  stand  conditions  as 
follows: 


Stand  Conditions 


1, 


Cut  volume  per  acre:  (lowest  volume  = 
highest  volume  =  8) 

Total  number  of  trees  per  acre  7  inches  + 
d.b.h.:  (fewest  =  1,  most  =  8) 

Number  of  marked  leave  trees  per  acre:  (few- 
est =  1,  most  =  8) 


Expected  damage,  based  on  treatment  and 
number  of  stems  removed  per  acre:  (1  = 
best  combination,  8  =  difficult  combination) 

As  an  example,  we  expected  treatment  3  to  have 
highest  damage  because  small  trees  were  bun- 
dled and  yarded  in  addition  to  the  cut  trees  marked 
for  cutting.  Unit  21-3  had  the  most  small  trees  and 
ranked  "8"  on  the  expected  damage,  and  unit  1  1  -3 
was  ranked  7.  Treatment  4  called  for  protecting 
the  understOfY,  and  was  ranked  "1"  for  unit  1 1-4 
and  "2"  for  unit  21-4,  based  on  number  of  stems. 

The  ranking  for  each  of  these  stand  conditions 
was  then  compared  to  the  subtreatment  rankings 
on  actual  damage  observed,  using  the  following 
measures: 


Measure  of  Damage 

A.  Percentage  of  damaged  leave  trees:  (low- 
est =  1,  highest  =  8) 

B.  Percentage  of  serious  damage  (Group  II 
and  III):  (lowest  =  1,  highest  =  8) 

C.  Percentage  with  no  damage:  (highest  =  1 , 
lowest  =  8) 


The  rankings  of  the  eight  subtreatment  units  are 
shown  in  table  3.  Out  of  the  1 2  pairings  tested  (4 
conditions  x  3  damage  measures),  we  found  sev- 
eral that  were  moderately  well  correlated,  as 
follows  (1.0  =  perfect  correlation): 


Pair  tested 


Correlation 
coefficient 


Significant 
at: 

Percent 


[Percentage  with  serious  damage]  x  [Expected  damage  ] 
[Percentage  with  serious  damage]  x  [Fewest  leave  trees] 
[Percentage  with  serious  damage]  x  [Fewest  total  trees] 
[Percentage  with  no  damage         ]  x  [Fewest  leave  trees] 
[Percentage  killed  ]  x  [Lowest  cut  volume  ] 


0.641 
.570 
.548 
.559 
.405 


95 
90 
90 
90 
80 


Table  3.— Ranking  of  stand  conditions  and  logging  damage  ("1"  is  most  favorable 

and  "8"  is  least  favorable) 


Stand  condition 


Measure  of  damage 


Fewest 

Total 

marked 

Expected 

Cut 

7-1-inch 

leave 

Seriously 

Not 

damage 

volume 

trees 

trees 

Killed 

damaged 

damaged 

Unit 

(Col.  1) 

(Col.  2) 

(Col.  3) 

(Col.  4) 

(Col.  5) 

(Col.  6) 

(Col.  7) 

11-2 

3 

4 

1 

1 

2 

1 

1 

11-3 

7 

6 

5 

5 

4 

4 

2 

11-4 

1 

2 

2 

2 

7 

2 

3 

21-1 

5 

7 

8 

8 

5 

8 

7 

21-2 

4 

5 

6 

6 

8 

5 

4 

21-3 

8 

1 

3 

4 

1 

7 

8 

21-4 

2 

3 

7 

7 

3 

3 

6 

Rank  correlation  coefficients: 


col.  4  X  col.  7  =  0.559,  significant  at  90  percent 
col.  3  X  col.  6  =  0.548,  significant  at  90  percent 
col.  2  X  col.  5  =  0.405,  significant  at  80  percent 
col.  4  X  col.  6  =  0.570,  significant  at  90  percent 
col.  1  X  col.  6  =  0.641,  significant  at  95  percent. 
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Keeping  in  mind  the  limitations  of  these  simple 
tests,  it  is  notablethat  the  most  difficult  treatments 
coupled  with  more  stems  did,  in  fact,  result  in  more 
damage  as  we  expected.  Predicting  actual  killing 
of  leave  trees  was  less  dependable;  the  best 
correlation  (only  0.405)  was  with  the  volume  cut. 

These  relationships  of  stand  conditions  and 
damage  sustained  are  not  surprising;  the  ranking 
tests  do,  however,  provide  a  quantified  and  statis- 
tically significant  measure  of  what  is  generally 
assumed— namely,  more  stems  in  the  stand  and 
more  stems  marked  for  leave  increase  the  chance 
of  damage. 


Damage  and  Logging  Conditions 

Damage  to  leave  trees  is  also  influenced  by  the 
yarding  operation  itself.  We  examined  the  relation- 
ship of  yarding  and  tree  damage  by  plotting  on 
maps  missing  leave  trees  and  seriously  damaged 
trees,  and  relating  these  to  logging  conditions. 
The  conditions  examined  were:  slope;  the  angle 
between  the  "fall  line"  (direct  downslope)  and  the 
skyline;  and  the  load  capacity  computed  for  each 
skyline  setting.  These  selected  logging  factors 
were  then  drawn  as  zones  on  mylar  overlays. 
Within  these  overlays  the  number  of  seriously 
damaged  or  missing  trees  was  tallied.  An  example 
is  shown  in  figure  3.  The  relationship  of  these 
factors  to  damaged  or  missing  trees  is  summa- 
rized in  table  4. 

SLOPE 

We  hypothesized  that  damage  should  increase 
with  steepness  of  slope,  because  logs  would  be 
more  likely  to  roll  orslide  downslope  during  lateral 
yarding.  This  hypothesis  is  weakly  supported  in 
block  21,  but  contradicted  by  data  from  block  1 1. 
However,  in  block  1 1  mostof  thegentleslopes  are 
near  the  bottom  of  the  block  where  numerous 
corridors  radiated  out  from  a  single  common  land- 
ing (fig.  1).  Most  of  the  damage  in  this  zone  was 
attributed  to  missing  leave  trees  that  were  prob- 
ably cut  in  creating  the  numerous  corridors  and 
was  not  related  to  lateral  yarding. 

If  we  omit  the  data  from  block  11  for  0  to  25 
percent  slopes  and  combine  the  remaining  data 
from  block  1 1  with  that  from  block  21 ,  we  do  find  a 


greater  incidence  of  damage  on  steep  slopes  than 
on  moderate  or  gentle  slopes.  It  is  doubtful,  how- 
ever, that  we  can  draw  a  firm  conclusion,  given  the 
relatively  small  area  of  steep  slopes  and  the  lim- 
ited accuracy  of  plotting  the  damaged  trees. 


ANGLES  BETWEEN  CORRIDORS  AND 
FALL  LINE  (CROSS-SLOPE  ANGLE) 

We  hypothesized  that  damage  is  greater  when 
the  cross-slope  angle  increases.  In  particular,  we 
expect  the  damage  to  be  more  evident  adjacent  to, 
and  on  the  downslope  side  of,  the  corridors  as 
cross-slope  increases  under  conditions  of  partial 
suspension.  This  is  because  logs  tend  to  slide 
downhill  during  the  yarding  operation. 

The  combined  data  from  blocks  1 1  and  2 1  show 
that  damage  frequency  increases  as  cross-slope 
angle  increases,  except  for  the  angle  class  60-90 
percent,  where  damage  was  low.  However,  there 
was  less  than  1  acre  in  this  angle  class  (about  2 
percent  of  the  total  area  of  blocks  1  1  and  2 1 )  and  it 
seems  reasonable  to  conclude  the  data  from  the 
area  support  our  hypothesis. 

We  noted  also  that  plots  of  missing  trees  align 
well  with  some  downhill  corridors  in  the  lower 
portion  of  block  11;  in  particular,  with  corridors 
that  are  at  moderate  to  high  angles  with  the 
contours.  Personal  observations  during  the  yard- 
ing operation  also  confirmed  a  relatively  high 
incidence  of  tree  uprooting  in  such  circum- 
stances. Therefore,  we  expect  a  greater  incidence 
of  damage  adjoining  corridors  where  cross-slope 
angles  are  great— especially  in  downhill  yarding 
situations  when  logs  are  not  fully  suspended. 
Perhaps  a  distinction  between  types  of  damage 
would  more  strongly  reinforce  this  expectation. 
And  perhaps  the  basis  for  determination  should  be 
number  of  damaged  trees  per  unit  length  of 
corridor— rather  than  per  unit  area  of  treatment— 
to  test  this  hypothesis.  However,  the  accuracy  of 
plotting  damaged  trees  was  not  reliable  enough  to 
make  this  type  of  analysis. 

LOAD  CAPACITY 

We  hypothesize  that  damage  incidence  should 
be  reduced  with  increasing  load  capability.  Our 
rationale  is  that  the  greater  the  load  capability  the 


Figure  3— Schematic  map  showing  damaged 
trees  and  slope  class.  Example:  Block  2 1,  Coram 
Experimental  Forest. 


UNIT  BOUNDARIES 
ROADS 

Missing  or  Damaged  Trees 


Table  4.— Summary  of  missing  or  seriously  damaged  leave  trees  by  logging  characteristics, 

shelterwood  units 


Characteristic 


Block  11 


Block  21 


Blocks  1 1  and  21 


Slope,  percent 


Acres 


Trees/acre 


Acres 


Trees/acre 


Trees/acre 


0-25 
25-50 
50-75 
75-100 


3.72 

23.9 

0.15 

0 

23.0 

20.65 

13.4 

5.26 

26.1 

16.0 

9.79 

10.0 

15.00 

20.1 

16.1 

0.95 

11.6 

1.19 

32.8 

23.4 

Cross  slope  angle,  percent 

0-15 

0-15 

15-30 

30.45 

45-60 

60-90 

Load  capacity,  lb 

Over  10,000 
5,000-10,000 
2,500-5,000 
2,000-2,500 
<  1,000 


15.81 

13.56 

15.81 

11.0 

6.64 

19.4 

13.5 

13.56 

13.9 

4.38 

21.0 

15.7 

4.76 

17.9 

4.49 

2.7 

20.2 

.39 

18.0 

5.96 

26.5 

26.0 

.58 

15.9 

.39 

2.6 

10.4 

18.01 

16.3 

12.25 

22.2 

18.7 

11.99 

10.0 

7.51 

22.2 

14.7 

3.44 

7.6 

.50 

16.0 

8.16 

1.50 

14.7 

.19 

21.1 

15.4 

.16 

6.2 

1.15 

32.2 

29.0 

greater  the  clearance  of  the  carriage  above  the 
ground  and,  during  lateral  yarding,  this  should 
mean  greater  control  over  the  movement  of  the 
logs.  Moreover,  during  longitudinal  yarding,  the 
angle  between  the  logs  and  ground  should  be 
greater— approaching  full  suspension— and  this 
should  reduce  the  likelihood  of  damage  adjacent 
to  the  corridor. 

There  is  only  weak  support  for  this  hypothesis  in 
the  data  from  block  21,  and  it  is  contradicted 
somewhat  by  the  data  from  block  1 1.  Combining 
the  data  from  blocks  11  and  21  mdicates  that 
damage  is  minimized  at  intermediate  load  capa- 
bilities, and  increases  with  both  high  and  lower 
load  capabilities.  One  explanation  may  be  that 
above  a  certain  load  capability,  the  potential 
advantages  of  large  carriage  clearance  during 
lateral  yarding  cannot  be  realized  due  to  the 
limited  length  of  dropline.  That  is,  it  is  necessary 


for  the  carriage  to  be  relatively  close  to  the 
ground— at  least  during  the  lateral  yarding 
phase— simply  because  of  the  limited  amount  of 
line  for  lateral  extension  in  the  systems  used  at 
Coram.  If  this  is  true,  then  the  onset  of  lateral 
inhaul  would  result  in  pronounced  lateral  excur- 
sion of  the  carriage  and  supporting  cables,  which 
could  damage  trees  adjoining  the  corridor. 

We  also  speculate  that  where  load  capability  is 
high  the  system  tends  to  be  loaded  heavily  and 
operated  at  high  speeds— thereby  increasing 
propensity  for  damage  during  both  the  lateral  and 
longitudinal  yarding  phases.  In  any  event,  we  are 
unable  to  draw  any  firm  conclusions  regarding  the 
influence  of  load  capability  on  incidence  of 
damage. 

In  summary,  our  Coram  data  support  the  hypoth- 
esis that  damage  to  residual  trees  in  partial  cuts. 
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where  yarding  is  conducted  with  cable  systems, 
increases  with  steeper  slope  and  greater  cross- 
slope  angle.  Regarding  the  influence  of  system 
load  capability,  our  data  are  inconclusive. 

Overall,  about  23  percent  of  the  marked  leave 
trees  were  killed  in  logging,  and  consequently 
some  "cut"  trees  were  left  as  replacement.  This 
indicates  the  importance  in  marking  timber  sales 
under  these  conditions  that  an  adequate  allow- 
ance be  made  for  leave  trees  that  must  be  cut  for 
skyline  corridors  or  are  killed  in  the  yarding 
operation. 


UNDERSTORYTREE  DAMAGE 
Description  of  Cutting  Units 

In  the  two  shelterwood  units  discussed  above, 
subtreatment  4  called  for  logging  to  protect  the 
understory  trees  below  the  cutting  diameter  limit 
(7  inches  [18  cm]  d.b.h.).  This  same  subtreatment 
was  also  prescribed  in  two  group  selection  cutting 
units(units  1  2  and  22,  each  composed  of  Scutting 
groups  of  about  1  acre)  and  in  two  clearcut  units 
(units  13  and  23). 

The  area  and  volume  of  logs  removed  from 
subtreatment  4  in  the  six  units  were  as  follows: 


Unit  and  subtreatment 

1 1-4  (shelterwood) 
21-4  (shelterwood) 
1 2-4  (group  selection) 
22-4  (group  selection) 
13-4  (clearcut) 
23-4  (clearcut) 


The  understory  trees  were  measured  on  20 
sample  plots  in  each  unit,  so  it  was  not  possible  to 
map  individual  trees  relative  to  skyline  roads  as 
was  done  with  the  shelterwood  trees.  The  damage 
reported  is  an  average  that  varies,  depending  on 
whether  the  plot  was  in  or  near  a  skyline  road  or 
lateral  skid  trail. 


Damage  to  Understory 

Because  understory  trees  are  usually  small,  we 
considered  virtually  any  substantial  damage  likely 
to  kill  or  to  render  the  tree  unsuitable  for  manage- 
ment. Therefore,  we  classed  damage  in  only  a  few 
categories  as  follows: 

No  damage  -  A  few  scrapes,  or  broken 
branches. 


Area  of 

Vol 

ume  of 

subtreatment  4 

logs 

removed 

Acres 

ha 

Ft^/acre 

m^/ha 

6.2 

2.5 

2,950 

206 

4.6 

1.9 

2,570 

180 

1.7 

.7 

7,655 

536 

1.5 

.7 

6,241 

437 

3.2 

1.3 

4,962 

347 

3.4 

1.4 

3,533 

247 

on   20 

Serious 

damage 

-  Bent,  debarked  bole,  toi 

sibleto 

broker 

1. 

Cut  or  missing  -  Tree  no  longer  present. 

Buried  or  broken  -  Whole  tree  broken  off, 
uprooted,  or  buried  under  slash. 

Serious  damage  and  tree  killing  averaged  more 
than  40  percent  in  selection  and  clearcut  units, 
and  under  30  percent  in  shelterwood  units  (table 
5).  Units  were  too  few  to  draw  statistically  valid 
conclusions  on  this  difference,  but  it  is  consistent 
with  logging  activities.  The  process  of  carefully 
yarding  to  avoid  damaging  large  shelterwood 
trees  probably  protected  some  understory  trees. 
Furthermore,  the  larger  leave  trees  in  the  shelter- 
wood  units  probably  prevented  logs  from  sliding  or 
rolling  downhill  during  lateral  yarding. 


Table  5.— Percentage  of  live  understory  trees  damaged  by  logging,  by  cutting  unit, 

and  by  type  of  damage 


Cutting  unit 


Serious  stem  or 
branch  damage 


Broken  or 
buried 


Cut  or 
missing 


Total 
damaged 


No 
damage 


Shelterwood 


11-4 
21-4 


■Percentage  of  understory  trees 


15 
17 


10 
8 


28 
30 


72 
70 


Group  selection    12-4 
22-4 


17 
26 


6 

12 


19 
5 


42 
43 


58 
57 


Clearcut 


13-4 
23-4 


25 
33 


37 
45 


63 
55 


The  group  selection  units  and  clearcut  units 
showed  a  definite  and  consistent  pattern  of  dam- 
age. The  larger  the  trees,  the  greater  the  chance 
that  they  were  killed  or  seriously  damaged  (table 
6).  The  percentage  of  trees  damaged  did  not 


appear  to  be  related  to  total  number  of  green 
understory  trees,  as  stocking  ranged  from  540  to 
1,280  live  trees  per  acre  (1  330  to  3  160/ha). 
Detailed  summary  of  damage  by  diameter  and 
cutting  unit  is  shown  in  table  7a,  b,  c. 


Table  6.— Percentage  of  live  understory  trees  damaged  by  d.b.h.  class  of  tree 


D.b.h.  class 


Cutting  unit 


0-09  inches 
(0-2.4  cm) 


1 .0-4.9  inches 
(2.5-12.6  cm) 


5.0-6.9  inches 
(12.7-17.6  cm) 


■Percentage  of  tfiis  class  damaged- 


Shelterwood 

11-4 

24 

21-4 

20 

Group  selection 

12-4 

20 

22-4 

32 

Clearcut 

13-4 

22 

23-4 

31 

29 
41 

52 
78 

69 
85 


40 
23 

64 
82 

75 
73 


Table  7a.— Logging  damage  to  live  understory  trees,  Coram  shelterwood  cutting  units  treatment^ 

(protect  understory) 


D.b.h.  class 


Damage 


0-0.9  Inches 
(0-2.4  cm) 


1 .0-4.9  Inches 
(2.5-12.6  cm) 


5.0-6.9  Inches 
(12.7-17.6  cm) 


Total 


■Number  of  trees- 


Block  11-4 

Serious  damage 
Broken,  buried 
Cut,  missing 

Subtotal 

No  damage 

Total  -  per  acre 
(per  ha) 


0 
35 
20 


30 
85 
55 


0 

30 

10 

130 

10 

85 

55 

170 

20 

245 

170 

415 

30 

615 

225 
(556) 

585 
(1  445) 

50 
(123) 

860 
(2  124) 

Percent  damaged  or 
killed 


24 


29 


40 


28 


Block  21-4 


Serious  damage 
Broken,  buried 
Cut,  missing 

Subtotal 

No  damage 

Total  -  per  acre 
(per  ha) 


Percent  damaged  or 
killed 


10 
55 
40 


40 

160 

50 


10 

60 

10 

225 

10 

100 

105 

250 

30 

385 

430 

345 

100 

895 

535 
(1  321) 

615 
(1  519) 

130 
(321) 

1,280 

(3  162) 

20 


41 


23 


30 


1  o 


Table  7b.— Logging  damage  to  live  understory  trees,  group  selection  cutting  units  treatment  4 

(protect  understory) 


D.b.h.  class 


0-0.9  inches  1 .0-4.9  inches  5.0-6  9  inches 

Damage  (0-2.4  cm)  (2.5-1 2.6  cm)  (1 2.7-1 7.6  cm)  Total 


■Number  oi  trees- 


0 

90 

5 

30 

40 

105 

Block  12-4 

Serious  damage  10  80 

Broken,  buried  10  15 

Cut,  missing  20  45 

Subtotal 

No  damage 

Total  -  per  acre 
(per  ha) 

Percent  damaged  or 
killed  20  52  64  42 

Block  22-4 

Serious  damage  220  85 

Broken,  buried  65  80 

Cut,  missing  10  15 


40 

140 

45 

225 

160 

130 

25 

315 

200 
(494) 

270 

(667) 

70 

(173) 

540 

(1  334) 

10 

315 

5 

150 

30 

55 

Subtotal  295  180  45  520 


No  damage  630  50  10  690 


Total  -  per  acre  925  230  55  1210 

(per  ha)  (2  285)  (568)  (136)  (2  989) 


Percent  damaged  or 
killed  32  78  82  43 
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Table  7c.— Logging  damage  to  live  understory  trees,  Coram  clearcut  cutting  units  treatment  4 

(protect  understory) 


D.b.h.  class 


Damage 


0-0.9  inches 
(0-2.4  cm) 


1.0-4.9  inches 
(2.5-12.6  cm) 


5.0-6.9  inches 
(12.7-17.6  cm) 


Total 


■Number  of  trees 


Block  13-4 


Serious  damage 
Broken,  buried 
Cut,  missing 

Subtotal 

No  damage 

Total  -  per  acre 
(per  ha) 


15 

20 

100 


30 
35 
90 


0 

5 

25 


135 

155 

30 

320 

470 

70 

10 

550 

605 
(1  494) 

225 
(556) 

40 
(99) 

870 
(2  149) 

Percent  damaged  or 
killed 


22 


69 


75 


37 


Block  23-4 


Serious  damage 
Broken,  buried 
Cut,  missing 

Subtotal 

No  damage 

Total  -  per  acre 
(per  ha) 


20 

40 

140 


25 

20 

100 


5 

0 

50 


200 

145 

55 

400 

445 

25 

20 

490 

645 
(1  593) 

170 
(420) 

75 
(185) 

890 
(2  198) 

Percent  damaged  or 
killed 


33 


85 


73 


45 


14 


DISCUSSION  AND 
CONCLUSIONS 

At  Coram  the  terrain  was  fairly  steep  and  not 
entirely  ideal  for  skyline  yarding;  also  some  de- 
manding removal  specifications  were  applied  to 
some  units.  Despite  this,  shelterwood  trees  came 
I  through  pretty  much  intact,  and  we  feel  that  the 
'following  factors  will  influence  the  amount  of 
damage  incurred  in  similar  situations: 

1.  Damage  to  leave  trees  is  related  to  stand 
conditions.  The  fewer  trees  in  the  stand  and  the 
fewer  marked  for  leaving,  the  less  the  damage. 

i  Curiously,  though,  the  number  of  trees  actually 
killed  was  only  weakly  related  to  cut  volume. 

2.  Damage  is  related  to  the  logging  specifica- 
tions. We  expressed  this  as  "expected  damage," 
which  collectively  included  utilization  specifica- 
tions and  understory  protection  requirements. 

3.  Damage  appears  to  be  related  to  slope 
steepness,  cross-slope  angle  to  the  skyline,  and 
load  capacity  of  the  skyline  setting.  Data  only 
moderately  supported  this  idea,  but  observations 
tell  us  these  three  factors  are  important  and  could 
be  more  precisely  assessed  with  different  ap- 
proaches to  study. 

4.  On  portions  of  cutting  units  where  protection 
of  the  understory  was  specified,  two  factors  in- 
fluenced damage.  Fewer  understory  trees  were 
damaged  in  the  shelterwood  units  than  in  group 
selection  orclearcut  units(but  dataaretoo  limited 
for  statistical  validity).  In  all  types  of  cutting  units, 
the  larger  the  understory  tree,  the  greater  the 
proportion  sustaining  serious  or  fatal  damage. 
This  was  true  even  though  small  (seedling)  trees 
were  much  more  numerous  than  poles.  Apparently 
larger  trees  are  less  resilient  and  thus  more  easily 
damaged  than  small  trees. 

As  cautioned  at  the  outset,  these  findings  are 
based  on  a  "case  study"  approach,  but  should  be 
useful  as  a  first  estimate  of  likely  damage  under 
similar  conditions.  We  would  suggest  that  to  refine 
these  data,  studies  be  specifically  designed  to 
monitor  logging  damage  and  operations,  for  ex- 
ample, to  separate  damage  from  falling,  lateral 
yarding,  main  line  lifting  and  hauling,  and  so  on. 
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Damage  to  shelterwood  leave  trees  and  to  understory  trees  in 
shelterwood  and  clearcut  logging  units  logged  with  skyline  yarders 
was  measured,  and  related  to  stand  conditions,  harvesting  specifica- 
tions, and  yarding  system-terrain  interactions.  About  23  percent  of 
the  marked  leave  trees  in  the  shelterwood  units  were  killed  in 
logging,  and  about  10  percent  had  moderate  to  serious  damage. 
About  40  percent  of  the  understory  trees  were  killed.  Heaviest 
damage  in  shelterwood  was  associated  with  steeper  slopes,  more 
trees  per  acre,  and  cross-slope  angle  to  the  skyline.  Understory 
damage  was  greater  on  larger  saplings  than  on  seedlings. 
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The  Intermountain  Station,  headquartered  in  Ogden, 
Utah,  is  one  of  eight  regional  experiment  stations  charged 
with  providing  scientific  knowledge  to  help  resource 
managers  meet  human  needs  and  protect  forest  and  range 
ecosystems. 

The  Intermountain  Station  includes  the  States  of 
Montana,  Idaho,  Utah,  Nevada,  and  western  Wyoming. 
About  231  million  acres,  or  85  percent,  of  the  land  area  in  the 
Station  territory  are  classified  as  forest  and  rangeland.  These 
lands  include  grasslands,  deserts,  shrublands,  alpine  areas, 
and  well-stocked  forests.  They  supply  fiber  for  forest  in- 
dustries; minerals  for  energy  and  industrial  development;  and 
water  for  domestic  and  industrial  consumption.  They  also 
provide  recreation  opportunities  for  millions  of  visitors  each 
year. 

Field  programs  and  research  work  units  of  the  Station 
are  maintained  in: 

Boise,  Idaho 

Bozeman,  Montana  (in  cooperation  with  Montana 
State  University) 

Logan,    Utah   (in   cooperation   with   Utah   State 
University) 

Missoula,    Montana    (in    cooperation    with    the 
University  of  Montana) 

Moscow,  Idaho  (in  cooperation  with  the  Univer- 
sity of  Idaho) 

Provo,  Utah  (in  cooperation  with  Brigham  Young 
University) 

Reno,  Nevada  (in  cooperation  with  the  University 
of  Nevada) 
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